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ETHRANE” (enflurane), A BRIEF SUMMARY 
(Consult package insert for complete use information) 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 


ACTIONS 

ETHRANE*” (enflurane) is an inhaled anesthetic. The MAC (minimum alveolar con- 
centration) in middle-aged humans is 1 68% in oxygen and 0.57% in 70% nitrous oxide. 
The blood/gas partition coefficient is 1.91 at 37°C. 

Enflurane obtunds pharyngeal and laryngeal reflexes. Changes in theinspired concen- 
tration of enflurane can rapidly change anesthetic depth. Enflurané depresses ventila- 
tion, and deeper levels of anesthesia can produce high PaCO; levels with spontaneous 
ventilation. 

Blood pressure and cardiac output decrease with induction af anesthesia. Surgical 
stimulation tends to restore these variables to near normal levels. Increases in depth 
of anesthesia decrease pressure and output. Heart rate and ventricular rhythm are little 
affected by enflurane, Enflurane may slightly sensitize the heartito the arrhythmogenic 
effects of epinephrine: 

Enflurane, alone, may produce muscle relaxation adequate for intra-abdominal opera- 
tions. Nondepolarizing muscle relaxants, especially pancuronium and d-tubocurarine, 
are potentiated. 

Analgetic concentrations of enflurane (0.2596 to 196) do not sianificantly depress the 
rate or force of uterine contraction, and normally do not appreciably affect uterine blood 
loss or Apgar scores. Concentrations of 1% to 2% depress the rate and force of uterine 
contraction, and 2% to 3% may abolish contractions. Concentrations of 1.596 to 3% 
diminish or abolish the uterine response to oxytocin. Concentrations exceeding 1% 
for vaginal delivery or cesarean section may increase uterine bleeding. In patients given 
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2005 West Beltline Highway 
Madison, WI 53713 2318 

608 273 0019 1800 ANA DRUG 
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1% enflurane in 70% nitrous oxide for therapeutic termination of pregnancy, mee 
estimated blood loss is 40 ml—versus 20 mlin patients given only a local anestheti 
The peak levels of serum fluoride after enflurane anesthesia in humans (average 15 

are well below the 50 uM/ threshold for minimal renal damage in normal patie 
However, patients taking isoniazid or other hydrazine-containing compounds ma 
metabolize more enflurane, and peak serum fluoride levels can exceed Um UR 


CONTRAINDICATIONS 

Seizure disorders (see WARNINGS). 

Known sensitivity to ETHRANE* (enflurane) or other halogenated anesthetics. 
Known or suspected genetic susceptibility to malignant hyperthermia. 


WARNINGS 
Convulsive activity may be associated with the use of enflurane, particularly with dee 
anesthesia (greater than 3% enflurane) and/or with hypocapnia. 

Only vaporizers producing predictable concentrations of enflurane should be usedq 
Hypotension and respiratory depression can serve as indicators of deeper levels { 
anesthesia. Greater circulatory depression may result from enflurar,e administratic 
in patients who are hypovolemic or who have myocardial dysfunction. 

If unexplained hepatic dysfunction followed à previous exposure to a halogenaté 
anesthetic, consideration should be given to use of an agent other than enfluraný 
PRECAUTIONS 5 
General: ETHRANE" (enflurane) should be used cautiously in patients with am 

or drug history suggesting a greater susceptibility to cortical stimulation. 7 
Information for Patients: As with other anesthetics, enflurane may slightly dec 
intellectual function for two to three days after anesthesia. Similarly, small chang 
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ADVERSE REACTIONS 


1, Malignant hyperthermia (see PRECAUTIONS). 2. Deep levels of enflurane anesthesia 
and/or light levels with hypocapnia may produce convulsive activity. 3. Hypotension 


have been reported. 5. Leukocytosis has been observed. 
and severe liver injury may rarely follow anesthe 
OVERDOSAGE 
, To treat overdosage, stop drug administration, establish a clear airway, and assist or 
during pregnancy only if cl 
Nursing Mothers: Enflurane tä control ventilation with pure oxygen. 


DOSAGE AND ADMINISTRATION 
Before administration, consult complete information in package insert. The concen- 
tration of ETHRANE” (enflurane) bein 
vaporizers Calibrated specifically 
centrations can easily and readi 
3 HOW SUPPLIED 

(which may rise rapidly early or ETHRANE (enflurane) is packaged in 125 and 250 m 

augmented metabolism) and inc 125 mL—NDC 10019-350-50 

canister). PaO 250 mL—NDC 10019-350-60 

Treatment in Storage: Store at room temperature 


1 amber-colored bottles. 


Ethrane’...a product of original Anaquest research 


(enflurane) 


Available outside of North America as Alyrane™ (enflurane) 
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ItCan MakeThe Critical Difference 


NEUROTRAC 


For early detection of neurological change 
A cerebral activity monitor should be in your operating room. 
recovery room, or any critical care area Now it can be. NEUROTRAC 
is the most convenient device ever developed to accurately monitor 
cerebral activity. Using easily interpreted processed EEG, NEUROTRAC 
allows you to detect changes in EEG which can be caused by ischemia 
or other factors, thereby providing added protection. N EUROTRAC is in 
routine use on a worldwide basis during: 
carotid endarterectomy 
| cardiopulmonary bypass 
| induced hypotension 
barbiturate coma 
other conditions which could result in cerebral hypoxia 


NEUROTRAC is the system that FITS: 

Your Needs. NEUROTRAC S automatic printout and multiple display 
formats supply the right information in the right form for you 
Neurotrac’s somatosensory evoked potential option allows assessment 
of the functional integrity of neural pathways in orthopedic and 
neurosurgical procedures. 

Your space. NEUROTRAC 5 compact size fits easily into the OR or ICU 
Your budget. NEUROTRAC provides critical information at substantially 
less cost than conventional EEG. 


For more information 
call TOLL FREE 1-800-3 56-0007 


Nicolet Biomedical Instruments 


5225-4 Verona Road, Madison, WI, USA 53711, 608/27 1-3333, TWX 910-286-2711. Sales and Service 


Offices Worldwide, Subsidiary Offices: Canada, France, Germany, Japan, Mexico, The Netherlands and 
United Kingdom. 
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MC oM TRES SUPPLIED—Stazio! (butorphanol tartrate) Injection for I.M. or EV. 
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PSP. 75 7 ? WDCOUES-5644-20—2 mg per mi, 2-7) vial 

oyoti : " WDC0015-5645-20—1 mg per mi, 1-mi vial 
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energy efficient 
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(AMRINONE 


The energy-efficient inotrope 
that doesn't increase 
myocardial oxygen demand 











ee ee NL QUNM rcp IN oe uod 
o Improves cardiac efficiency without ischemic penalty* 


o Substantially increases contractility 
o° No ECG evidence of ischemic change 
o Can be used with benefit in patients with myocardial ischemia . 


o INOCOR is intended for short-term use in patients 
who can be closely monitored and do not respond adequately 
to prior treatment with digitalis, diuretics, and/or vasodilators. 
*For important product information concerning contraindications, adverse reactions, patient selection, 


and precautionary recommendations, please see last page. 
© 1985 Winthrop-Breon Laboratories 
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INOCOR lactate injection, brand of amrinone lactate, represents a new class of cardiac 
inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecholamines. 
INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short-term 
management of congestive heart failure in patients who can be closely monitored and 
who have not responded adequately to digitalis, diuretics, and/or vasodilators} 
INOCOR lactate injection is indicated for the short-term management of conges- 
tive heart failure. Because of limited experience and potential for serious adverse 
effects (see ADVERSE REACTIONS) INOCOR should be used only in patients who can 
be closely monitored and who have not responded adequately to digitalis. diuretics, 
and/or vasodilators. Although most patients have been studied hemodynamically tor 
periods only up to 24 hours, some patients were studied for longer periods and 
demonstrated consistent hemodynarnc and clinical effects. The duration of therapy 


. Should depend on patient responsiveness. 
| CONTR 


AINDICATIONS INOCOR lactate iniection is contraindicated in patients who 
are hypersensitive to it. 

His also contraindicated in those patients known to be hypersensitive to bisulfites. 
PRECAUTIONS General INOCOR lactate injection should not be used in patients with 
Severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction. 
Like other inotropic agents, it may aggravate outflow tract obstruction in hypertrophic 
subaortic stenosis. 

During intravenous therapy with INOCOR lactate iruection, bood pressure and 
heart rate should be monitored and the rate of infusion slowed or stopped in patients 
showing excessive decreases in blood pressure l 

Patients who have received vigorous diuretic therapy may have insufficient 
cardiac filling pressure to respond adequately to INOCOR lactate injection, in which 
case cautious liberalization of fluid and electrolyte intake may be indicated. 

Supraventricular and ventricular arrhythmias have been observed in the very 
high-nsk population treated. While amrinone per se has not been shown to be 
arrhythmogenic, the potential for arrhy tha, present in congestive heart failure itself. 
may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 

LABORATORY TESTS Fiuid and electrolytes: Fluid and electrolyte changes and renal 
function should be carefully monitored during amrinone lactate therapy. Improvement 
in cardiac output with resultant diuresis rnay necessitate a reduction in the dose of 
diuretic. Potassium loss due to excessive diuresis may predispose digitalized patients 
to arrhythmias. Therefore, hypokalemia should be corrected by potassium supple. 
mentation in advance of or during amrinone use 

DRUG INTERACTIONS in a relatively imited experience, no untoward clinical man: 
festations have been observed in patients in whom INOCOR lactate injection was used 
concurrently with the following drugs: digitalis glycosides, idocaine, quinidine, meto- 
proiot. propranolol, hydralazine, prazosin, isosorbide dinitrate, nitroglycerine: chlorthal:. 
done, ethacrynic acid, furosemide, hydrochlorothiazide, sprironolactone, captopril, 
heparin, warfarin, potassium supplements. insulin, diazepam 

One case of excessive hypotension was reported when amrnnone was used 
concurrently with disopyramide 

Unti additional experience is available, concurrent administration with Norpace* 
disopyramide should be undertaken with caution. 

USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use in 
acute myocardial infarction. 

USE IN CHILDREN Safety and effectiveness in children have not been established 
USE IN PREGNANCY Pregnancy category C In New Zealand white rabbits, amnnone 
has been shown to reduce fetal skeletal and gross external malformations at orai doses 
of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/Crrabbits 
using oral doses up to. 32 mg/kg/day did not confirm this finding. No malformations 
were seen in rats receiving amnnone intravenously at the maximum dose used. 
15 mg/kg/day (approximately the recommended daily IV dose for patients with con- 
gestive heart failure). There are no adequate and well-controlled studies in pregnant 
women. Amrinone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus 

USE IN NURSING MOTHERS Caution should be exercised when amnnane is 
administered to nursing women, since it is not known whether it is excreted in human 
milk. 

ADVERSE REACTIONS Thrombocytopenia: intravenous INOCOR lactate injection 
resulted in piatelet count reductions to below 100,000/mm? in 2 4% of patients. 
Gastrointestinal effects. Gastrointestinal adverse reactions reported with INOCOR 
tactate injection dunng clinical use included nausea (1796) vomiting (0.9%). abdominal 
pain (0.425). and anorexia (0 495) 

Cardiovascular effects Cardiovascular adverse reactions reported with INOCOR 
lactate injection include arrhythrnia (3%) and hypotension (1.3%) 

Hepatic toxicity: n dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day. 
amrinone showed dose-related hepatotoxicity manifested either as enzyme elevation 
or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
long-term orai dosing and has been observed, in a imited expenence (0 2%), following 
IV administration of amrinone. 

Hypersensitivity. There have been reports of several apparent hypersensitivity reac- 
tions in patients treated with oral arnrinone for about two weeks. Signs and symptoms 
were variable but included pericarditis. pleuntis, and ascites (one case); myositis with 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case), and 
vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (one case) The 
first patient died, not necessarily of the possible reaction, whe the las! two resolved 
with discontinuation of thérapy. None of the cases were rechallenged, so attribution to 
amrinone is not certain, but possible hypersensitivity reactions should be considered in 
any patient maintained for a prolonged period on amrinone 

General Additional adverse reactions observed in intravenous amrnone cinical 
pa include fever (0.9%), chest pain (0.299, and burning at the site of injection 
(0.295 

OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. i! this occurs, amnnone administration should be 
reduced or discontinued. No specific antidote is known. but general measures tor 
Circulatory support should be taken. 

MANAGEMENT OF ADVERSE REACTIONS Piatelet count reductions Asympto- 
matic platelet count reduction (to less than 150,000/mm^?! may be reversed within one 
week of a decrease in drug dosage. Further. with no change in drug dosage. the count 
may stabilize at lower than predrug levels without any clinica! sequelae. Predrug platelet 
counts and frequent platelet counts during therapy are recommended to assist in 
decisions regarding dosage modifications. 

Should a platelet countiess than 150 000/mmà occur. the following actions may be 
considered: 

* Maintain total daily dose unchanged, since in some cases counts have ether 
stabilized or returned to pretreatment levels. . 

* Decrease total daily dose, 

* Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds the 
potential benefit. 

Gastrointestinal side effects; While gastrointestinal side effects were seen nfrequentiy 

with IV therapy, should severe or debiitating ones occur. the physician may wish to 

reduce dosage or discontinue the drug based on the usual beneftit-to-risk 

considerations. 7 

Hepatic toxicity: in clinical experience to date with IV admmistration, hepatotoxicity has 

rarely been observed. if acute marked alterations in liver enzymes occur together with 

clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amrinone 

therapy should be promptly discontinued 

H less than marked enzyme alterations occur without clinical symptoms, these 
nonspecific changes should be evaluated on an individual basis. The clinician may 
wish to continue amrinone and reduce the dosage or discontinue the drug based on 
the usual benefit-to-risk considerations. 

HOW SUPPLIED Ampuls of 20 mi. sterie. clear yellow solution containing INOCOR 
5 ma/mL, box of 5 (NDC 0024-0888-20) Each 1 mL. contains INOCOR lactate 
equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water for injection 





PRELIMINARY MEETING INFORMATION 


Program/Registration Mailing: The preliminary program, with daily schedule of presentations, will be sent 
out in mid-December to all [ARS members. This will include registration card, hotel card, social activities 
and spouse program. (IARS members outside of North America who plan to attend the meeting can receive 
this material by airmail upon request.) Non-IARS members who wish to receive meeting/membership 
information should contact the Cleveland office. 


Schedule: Registration: Saturday, March 15—1—5 pm (continues daily) 
Scientific Program: Sunday, March 16. through Wednesday, 
March 19 
Exhibits: Sunday, March 16, through Tuesday, March 18 


Program: * T.H. Seldon Distinguished Lecture—Dr. J. Alfred Lee, Essex, 
England 

26 Review Course Lectures 

Panels: Outpatient Anesthesia, Cardiovascular Anesthesia 

Over 100 Scientific Papers 

Scientific Poster Presentations 

Theme Luncheon Sessions 

Scientific Exhibits 


Technical (Commercial) Exhibits: Including a number of company sponsored Product Seminars 

Spouse Program: "Effective Tax Strategies" Seminar; area tours and other activities 
and presentations of interest. 

Reduced Air Fare: A special discounted fare will be available through United Airlines 
for IARS registrants. 

CME Credit: AMA/ACCME Category | (31 hr, est.) AANA credit to be confirmed. 


TU e i i i t t es 
SCIENTIFIC EXHIBITS: Applications for scientific exhibit space are available from the IARS office. There 
is no absolute deadline for submission of applications. However, availability of space in the exhibit area will 
be a factor in considering applications received after January 1, 1986. 


ARTS AND CRAFTS EXHIBIT: Responding to interest expressed by a number of members, the IARS will 
for the first time include an arts and crafts exhibit at the 1986 meeting. If you or your spouse would like to 
enter your personally done art or craft work, the rules and entry blanks are available from the Cleveland office. 
The deadline for entry is January 31, 1986. 

International Anesthesia Research Society Tel: (216) 295-1124 
3645 Warrensville Center Road, Cleveland. OH 44122 

( —— — —.) Please send rules and entry blank for Arts and Crafts Exhibit. 

( — —..) Please send application for Scientific Exhibit space. 


(Name) . M MÀ UOU 
(Mail Address) M MÀ MM UU 
M ———— — MÀ MÀ MÀ LLL 





The cost of brain monitoring 
versus the cost of brain damage. 


Each year, thousands o: lives are saved by cardiovascular surgery. 
And a few are irretrievably camaged by it. 

Not because of flaws in surgical procedure, but because of undetected 
interruption of blood flow tc the brain. 

Depending on the source, the reported incidence of brain damage 
during cardiovascular surgery ranges from a few percent to outrageously 
high levels. 

In many cases, the patient adjusts to the damage. In some cases, 
there are dysfunctions in reacling or writing. And in a few especially tragic 
cases, patients are left to live out their lives in a vegetative state. 

Must the medical community accept this risk as unavoidable? 

Not necessarily. 

Ihe technology to monitor brain function during major surgery 
already exists — and not just in the primitive form most physicians are 
accustomed to. 

There is a brain monitor that can provide the same continuous 
information as a 16-channel (vhole-head) EEG. A monitor that can operate 
without special technical expertise or attention. A monitor whose built-in 
computer can sound a timelv warning of the smallest irregularities before 
they become irreversible. 

We know such a monitcr is available. We manufacture it. 

Granted, the technology is not inexpensive. And its status with 
third-party payers is still evolving. 

But in today's environment of changing medical expectations, the 
very availability of this sort of brain-monitoring equipment presents a host 
of issues — professional, ethical, financial and humane — that demand 
thoughtful consideration. 

We urge you to discuss :he pros and cons of brain monitoring with 
your colleagues. 

And we invite you to teL us what you think. Write CNS, Ince., 10349 
W. 70th Street, Minneapolis, Minnesota 55344, or call 800-328-8322 ext. 120. 
If you request, we will be happy to send you more 
information on brain monitoring. 








Vogt . 


The new, easily 
identifiable, economical, 
shatter-resistant, 10 ml, 
multiple-dose vial 


(100 mg atracurium besylate per vial). 
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Burroughs Welicome Co. 
Research Triangle Park 
North Carolina 27709 
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As safe 


as albumin or PPF 
In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). ^^ 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemiC sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.” 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching. 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
IS as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,' ^ and hemorrhagic, traumatic, 
or septic shock.^^ 





American Critical Care 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter! >’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients: ^^ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 
Phone 1-800-323-4980. 


Lifesaving, | 
moneysaving | | | 


HESPAN 


(hetastarch) 


American Hospital Supply Corporation 





Please see references and brief summary of 
prescribing information on following page. 


e CAE 1. Diehl JT Lester JL, weis dis DM: Clinical 
rison of Meri and albumin 


Care Mod 9 12] 855 85] 198]. Shathey CH. Deepika K 
Militello PR, et at Efficacy of hetastarch in the resuscitation 
of patients with multisystem trauma and shock Arch Surg 


118:804-809, 1983. 6. Daniels MJ, Strauss RG, Smith-Floss AM: 


Vou mme DON m 


vele and Septic shock. Crit Car Med 
i E i eee AN Gere Med ° 


HESPAN tretastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
injection 


CONTRAINDICATIONS 

Hetastarch Is contraindicated In patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal faüure with ofguria or anuria. 

WARNINGS 


Large volumes may alter the coagulation mechanism, Thus, 

administration of hetastarch may result In transient prolon- 

gation of prothrombin, partial thromboplastin and clotting 

times. With administration of large doses, the physician 

should also be alert to the of transient prolonga- 
time. 


Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 


Usage in Leukapheresis: Significant declines m platelet 
elisa 





to the volume effects erui Hamogfobin 
arousal normal within 24 hours. Hemodiu- 
tlon by hetastarch and saline may also result in 24 hour 
Soe protein, albumin, calcium and fibrinogen 
values. 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 


fits outweigh the potential hazards. 
in No data avallable pertaining to use in 


children. 
Tha safety and compatiblity of additives have not been 
established. 


PRECAUTIONS 

The possibility of circulatory overload should be kapt in 
mind. Special care shoukd be exercised In patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should ba 
used when the risk of pulmonary edema and/or congestive 
heart failure is Increased. Indirect bilirubin levels of 

0.83 [normal 0.0-07 mgX) have been reported in 

2 out of 20 normal subjects who received multiple heta- 
starch Infusions, Total bilirubin was within normal limits at 
all times; Indirect bilirubin returned to normal by 96 hours 
following the final infusion. The significance, if any of these 


observed before administering hetastarch to patients with 
a history of Iver disease. 

Regular and paler clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 


hetastarch use during leukapheresis. 

include CBC, total leu e and platelet counts, ete 
differential count, hem n, hematocrit, ombin 

time (PT), and partial thromboplastin ti 


.H of sensitivity 
reactions have been reported (see ADVE E REACTIONS). 
if such reactions occur, they are readity controlled by dis- 
continuation of the dne da if necessary, administration of 
an antihistaminic 
ADVERSE 


The following have been reported: vomiting, mild tempera- 
ture elevation, chills, itching, submaxHlary and parotid glan- 
dular enlargement, mild | ike symptoms, head 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactold reactions consisting of pert- 
orbital edema, urticaria, and wheazing. 


NDC 0094-0037-05-Hespan* (6% Hetastarch in 0.9% 
Sodium Chloride Injection} Is supplied sterile and nonpyzo- 
genic in 500 mi intravenous Infusion bottles. 

Federal (U.S.A.) law prohibits dispensing without pre- 
scription. 


Rev. Feb, 1982 


Distributed by 
e$ American Critical Care 
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Enpert Q SS 


by P.Rivers Q 


An easy-to-use sophisticated disk-based ‘Expert System’ for the IBM 
PC at an incredibly low cost. 

EXPERT is an excellent example of the new breed of programs 
called 'Expert' or ‘Knowledge Base Management’ Systems (KBMS). 
Although analogous to Database Management Systems, 
information can be stored in KBMS as concepts rather than hard 
data. 


EXPERTS can be used to create and manipulate a knowledge base, 
which employs models of human reasoning or artificial 
intelligence’. It draws on deductive and fuzzy logic, 
multidimensional statistics and cognitive psychology. The theo xd 
behind EXPERTA is fully discussed in the documentation whi 
accompanies the disk. 


EXPERTS offers a spreadsheet which enables the user to create files 
or ‘domains’ each of which is made up of ‘elements’ which have 
‘attributes’. These have ‘attribute values’. For example, in a domain 
called ‘People’, ‘Jane’ is an element. One of her attributes is “Hair 
colour. Jane has brown hair hence ‘Brown’ is the attribute value. 


Inferencing facilities in EXPERT4 calculate and display 
relationships amongst the elements and attributes in terms of 
similarity and typicality. Any two selected items can be compared in 
detail for their similarities and differences. 

An example use would be to assist with diagnosis of a group of 
diseases with similar symptoms. Existing knowledge of the diseases 
can easily and quickly be entered into a domain and new information 
is easily incorporated later. Similarities and differences between 
items can be explored in terms of the high-level concepts physicians 
usually employ. 

EXPERT offers facilities for manually constructing decision tree 
rules. Decision rules are used in expert systems to enable users to 
classify new items (e.g. diagnose new cases) while minimising the 
requests for information about the item. EXPERT4 supports 
facilities for selecting sub-sets of items. All calculations can be 
performed on sub-sets as well as the whole domain. 

Thus a flexible diagnostic tool is created which can quickly 
distinguish whether a patient's symptoms are more typical of 
diagnosis A than diagnosis B, C or D. 

Other potential uses of EXPERTA are manifold, but to give the user 
an introduction to the program, two completed domains are 
incorporated on disk as examples. 


Package includes: — 
Documentation + 5.25* floppy disk for the IBM PC. 





TO ORDER 
Documentation + 5.25" disk for IBM PC 
‘US $99; UK £66 


Prices include postage & packing. , 


SEND FOR CATALOG - SEND FOR CATALOG 


Bulk purchase discounts available on application. 

Payment must accompany order, and may be made by: 

1. Cheque: Made out ro ‘Elsevier’ in pounds sterling or US dollars. 

2. Credit card: We accept AmEx, Visa and Access/Master Card/Eurocard. 
Please give card number, expiry dare, issuing bank (if appropriate), the 
cardholder's name and address and signature. 


PLEASE SEND ALL ORDERS TO: Elsevier-BIOSOFT, 68 Hills Road, Cambridge CB2 ILA, UK. 


Cisevier- BiIOSOFT 
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The Newest in Anesthesia and Analgesia... 


^. this work will make a worthwhile con- 
tribution to the libraries of all who are in- 
volved in the care of patients with nervous- 
system disease.” (The New England Journal 
of Medicine on the 1st edition) 


New 2nd edition! 
ANESTHESIA AND 


NEUROSURGERY 


By James E. Cottrell, M.D. and Herman 
Turndorf, M.D. 

"... itis without a doubt the most comprehensive text currently in print." 
(Anesthesia Points West on the Ist edition) This new edition promises to 
be even better! 


1986. Approx. 615 pages, with 199 illustrations. (1163-6) About $75.00 







New! 
DECISION MAKING IN 
ANESTHESIOLOGY 


By Lois L. Bready, M.D. and R. Brian Smith, 
M.D. 

* uses algorithms to explain decision making in 
anesthesiology 

* each algorithm shows the decision points in- 
volved and their logical results, progressing from 
a clinical symptom through the steps you need to 
diagnose and treat the cóndition 

* reviews both emergency and elective surgical settings 

1986. Approx. 280 pages. (D-0818-X) Mosby distributes this B.C. Decker, 
Inc. publication. $40.00 (Will be $44.00) So order today! 


New! 
VENTILATORS: Theory and 
Clinical Application 


By Yvon DuPuis, R.R T. 

Rely on this title for essential information on 
the functioning and actual operation of ventila- 
tors. The text details how particular ventilators 
work and why they get certain results. As the 
only book to combine a solid theoretical foundation with clear quidelines 
for direct clinical application, it enables you to accurately predict ventila- 
tor function and results in a clinical setting. 

* includes a complete catalog of ventilators. 
March, 1986. Approx. 608 pages, with 302 illustrations. (1420-1) About 
$33.95 


POCKET MANUAL OF CRITICAL | 
CARE 


By Frank B. Cerra, M.D., F.A.C.S. 

* focuses on critical care of the surgical patient 
* outlines applied physiology and metabolism as 
well as specific guidelines for the management of 
different organ failures 

* emphasizes criteria that help you make bed- 
side decisions 

* includes discussions on managing the patient with AIDS and Multiple 
Systems Organ Failure (MSOF) 

April, 1986. Approx. 500 pages. (1010-9) About $25.00 





Save time, call FREE 1-800-345-8500, ext. 15. 


Our hotline is open 24 hours a day, 7 days a week. AMS 013-001 


YES! Please send me the books I've checked below on 30-day FREE office 

trial: 

CI BREADY-SMITH (D-0818-X) $40.00 (Special introductory price — will be 
$44.00) 

Li MUSHIN-JONES (B-3591.8) $48.50" 

LJ SCANLON (A-4350-3) $35.00* 

L COTTRELL-TURNDORF (1163-6) $75.00* 

C HUTTON-COOPER (B-1047.8) $32.95* 

Li CERRA (1010-9) $25.00" 

Li APPLEFELD (A-0302-1) $29.95" © DUPUIS (1420-1) $33.95* 


“estimated, pre-publication price. 
L2 Bill me, plus shipping charges © Payment enciosed 
t] MasterCard L; VISA 
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New! Contemporary Issues In 
Fetal and Neonatal Medicine 
PERINATAL ANAESTHESIA 


By John W. Scanlon, M.D. 

* focuses on topics concerning the fetus and 
neonate 

* discusses interaction between diseases and 
anesthetic agents over the entire 
perinatal/neonatal period 

* explores practical guides to obstetrical 
regional anesthesia, management of diabetes in pregnancy, fluid/ 
electrolyte balance during labor and neonatal surgical anesthesia 
November, 1985. Approx. 282 pages, with 22 illustrations. (A-4350.3) 
Mosby distributes this Blackwell Scientific Publication. About $35.00 


New! 
GUIDELINES IN CLINICAL 
ANAESTHESIA 


By Peter Hutton, B.Sc., M.B., Ph.D., Ch.B., 
F.F.A.R.C.S. and Griselda Cooper, M.B., Ch.B., 
F.F.A.R.C.S. 

* examines the way coincidental diseases or 
other problems affect the process of anaesthesia 
* arranges chapters by organ system 

* includes the background pathology and 
physiology of diseases, as well as the pre-, intra- and post-operative care 
of the disease in each chapter 

November, 1985. Approx. 250 pages, with 53 illustrations. (B-1047-8) 
Mosby distributes this Blackwell Scientific Publication. About $32.95 


New! 
ACUTE RESPIRATORY CARE 


By Jack J. Applefeld, M.D. and Steven E. 
Linberg, Ph.D.; with 5 contributors 

From applied physiology and management of 
non-ARDS pulmonary failure to respiratory 
therapy and radiology, ACUTE RESPIRATORY 
CARE covers it all: adult respiratory distress syn- 
drome, traumatic injury and surgical manage- 
ment, infectious diseases, respiratory monitoring 
and more! 
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Blackwell Scientific Publication. About $29,95 
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* serves as a completely rewritten, up-to-date 
review 

* incorporates the basic 

ideas of mechanics, modern molecular physics and electromagnetic 
radiation 

* explains and uses SI units of measurement throughout 

* features a wealth of illustrations 

March, 1986. Approx. 700 pages, with 200 illustrations. (B-3591-8) 
Mosby distributes this Blackwell Scientific Publication. About $48.50 
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Introducing STRAPEZE: 











While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient's airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 
Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam H® a very durable 
and lightweight material with a foam 
core sandwiched between outer lavers 
of soft, synthetic lambs-wool. 


So easy to apply 
The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient's 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap's 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPZZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is waere it stays. Which means 
the tube wan't pull out, and it won't 
push down. Needless to say, such as- 
surances cen be a lifesaver. 


Another quality 
product from 

ProTechPacific 
STRAPEZE was designed to answer 
the demanding needs of today’s medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task, And 
its specialized function is another 
example of ProTech Pacific's ongoing 
commitment to your profession, 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to.stay. 
Because it stays put. 


LS. Patents pending 


ProTechPacific 


122] Andersen Drive 

San Rafael, California 94901 
Call Toll Free: 800/227-0517 
In Calif. 415j459-0745 


Manufacturers of Protective Medical Products 
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NORCURON’ 


(vecuronium bromide injection) 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITHITS ACTIONS CHARAC- 
TERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON" (vecuronium bromide injection) is a nondepolarizing neuromuscular blocking agent c intermediate 


duration, chemically designated as piperidinium, 1-[(2 8, 3a, 5a, 168, 178)-3,17-bis(acetyloxy)-2-(1 piperidiny!sandrostan-16- 


yl]-1-methyl-, bromide. The structural formula is: 


Norcuron" is supplied as a sterile nonpyrogenic freeze-dried buffered cake of very fine microscopie crystalline particles for 
intravenous injection only. Following reconstitution with solvent (water for injection) the resultant solution is isotonic and has a pH 
of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid, dibasic scdium phosphate, sodium 
hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make isotonic 


CLINICAL PHARMACOLOGY: Norcuron* (vecuronium bromide injection) is a nondepolarizing neuromusular ttocking agent 
possessing all of the characteristic pharmacological actions of this class of drugs (curariform). It acts by competing ‘ar cholinergic 
receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and neuromuscular block is reversed by 
acetylcholinesterase inhibitors such as neostigmine, edrophonium, and pyridostigmine. Norcuron* is about 1/3 mc potent than 
pancuronium; the duration of neuromuscular blockade produced by Norcuron* is shorter than that oi pancuronium at initially 
equipotent doses. The time to onset of paralysis decreases and the duration of maximum effect increases with increasing 
Norcuron" doses. The use of a peripheral nerve stimulator is of benefit in assessing the degree of muscular relax tion. 


The ED, (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia) mas averaged 
0.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron* dose of 0.08 to 0.10 mg/kg generally produces first 
depression of twitch in approximately 1 minute, good or excellent intubation conditions within 2.5 to 3 0 minutes, end maximum 
neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under balanced anesthesia the time ta recovery to 
25% of control (clinical duration) is approximately 25 to 40 minutes after injection and recovery is usually 28% complete 
approximately 45-65 minutes after injection of intubating dose. The neuromuscular blocking action 5f Norcuren" is slightly 
enhanced in the presence of potent inhalation anesthetics. If Norcuron" is first administered more than 5 minutes after the start of 
the inhalation of enflurane, isoflurane, or halothane, or when steady state has been achieved, the intubating dose of lwrcuron* may 
be decreased by approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior administration of succinwicholine may 
enhance the neuromuscular blocking effect of Norcuron* and its duration of action. With succinylcholine as the intaDating agent, 
initial doses of 0.04-0.06 mg/kg of Norcuron* will produce complete neuromuscular block with clinical curation of aetion of 25-30 
minutes. If succinylcholine is used prior to Norcuron" , the administration of Norcuron* should be delayed until the»atient starts 
recovering from succinylcholine-induced neuromuscular blockade. The effect of prior use of other nondepolarizing reuromuscular 
blocking agents on the activity of Norcuron* has not been studied (see Drug Interactions). 


Repeated administration of maintenance doses of Norcuron” has little or no cumulative effect on the duration of neuromuscular 
blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable results. After arinitial dose of 
0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested maintenance dose s 0.010 tow .015 mg/kg) 
is generally required within 25 to 40 minutes; subsequent maintenance doses, if required, may be admimstered at approximately 
12 to 15 minute intervals. Halothane anesthesia increases the clinical duration of the maintenance cose only saghtly. Under 
enflurane a maintenance dose of 0.010 mg/kg is approximately equal to 0.015 mg/kg dose under balance: anesthesia 


The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane anesthesia 
When recovery from Norcuron* neuromuscular blocking effect begins, it proceeds more rapidly than recavery from pancuronium 
Once spontaneous recovery has started. the neuromuscular block produced by Norcuron* is readily reverseCawith various 
anticholinesterase agents, ey pyridostigmine, neostigmine, or edrophonium in conjunction with an antienolinergic agent such as 
atropine or glycopyrrolate. There have been no reports of recurarization following satisfactory reversal of Norcuson* induced 
neuromuscular blockade; rapid recovery is a finding consistent with its short elimination half-life 


Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg. 60-80% of Norcuron* is usually bound to plasmaeprotein. The 
distribution half-life following a single intravenous dose (range 0.025- 0.280 mg/kg) is approximately 4 minutes. Elimination half- 
life over this same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal fesure patients 
undergoing transplant surgery. In late pregnancy, elimination half-life may be shortened to approximately 35-40 minutes. The 
volume of distribution at steady state is approximately 300-400 ml/kg; systemic rate of clearance is 
approximately 3-4 5 ml/minute/kg. In man, urine lerne of Norcuron* varies from 3-35% within 24 
hours. Data derived from patients requiring insertion of a T-tube in the common bile duct suggests that 
25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron* (vecuronium bromide injection) has been detected in human plasma following 
clinical use. One metabolite, 3-deacety! vecuronium, has been recovered in the urine of some patients 
in quantities that account for up to 10% of injected dose; 3-deacety! vecuronium has also been 
recovered by T-tube in some patients accounting for up to 2596 of the injected dose. 


This metabolite has been judged by animal screening (dogs and cats) to have 5096 or more of the 
potency of Norcuron* ; equipotent doses are of approximately the same duration as Norcuron" in dogs 
and cats. Biliary excretion accounts for about half the dose of Norcuron" within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuron" 
Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery may be doubled in such patients. In patients with renal failure, measurements of recovery do 
not differ significantly from similar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the 
administration of Norcuron* in doses up to three times that needed to produce clinical relaxation (0.15 
mg/kg) did not produce clinically significant changes in systolic, diastolic or mean arterial pressure The:neart rate, under similar 
monitoring, remained unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 mg/ 
kg administered during a period of no stimulation, while patients were being prepared for coronary artery oypass gra ting, was not 
associated with alterations in rate-pressure-product or pulmonary capillary wedge pressure. Systemic vascular resistance was 
lowered slightly and cardiac output was increased insignificantly. (The drug has not been studied in patients with hemodynamic 
dysfunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) with use of Norcuron" during surgery 
for pheochromocytoma has shown that administration of this drug is not associated with changes in bloc: pressure or heart rate. 


Unlike other nondepolarizing skeletal muscle relaxants, Norcuron* has no clinically significant effects or nemodynemic parame- 
ters and will not counteract those hemodynamic changes or known side effects produced by or associatediwith anesthetic agents 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 60D patients indicate that 
hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly 
associated with histamine release are unlikely to occur 


INDICATIONS AND USAGE: Norcuron’ is indicated as an adjunct to general anesthesia, to facilitate endotracheal intubation and to 
provide skeletal muscle relaxation during surgery or mechanical ventilation 


CONTRAINDICATIONS: None known 


WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPARVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MESHT OCCUR 
FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION ARTIFICIAL RESPIRA- 
TION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR CONTROL RESPIRATION. In patients who are known to have myasthenia gravis or the myasthenic (Eaten- Lambert) 
syndrome, small doses of Norcuron* may have profound effects. In such patients, a peripheral nerve stimulator and use of a small 
test dose may be of value in monitoring the response to administration of muscle relaxants. 


PRECAUTIONS: Renal Failure: Norcuron* is well-tolerated without clinically significant prolongation of neuromuscalar blocking 
effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency -onditions in 
anephric patients some prolongation of neuromuscular blockade may occur: therefore, if anephric patients cannot bex»repared for 
non-elective surgery, a lower initial dose of Norcuron* should be considered 


Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, edermatous states 
resulting in increased volume of distribution may contribute to a delay in onset time; therefore dosage shou:d not be increased. 


Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time inweeping with 
the role the liver plays in Norcuron* metabolism and excretion (see Pharmacokinetics). Data currently-available co not permit 
dosage recommendations in patients with impaired liver function. 


UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF NE JROMUSCU- 
LAR BLOCKING EFFECT WILL PRECLUDE INADVERTENT EXCESS DOSING. 


Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose away and/or 
ventilatory problems requiring special care before, during and after the use of neuromuscular blocking agents such as Jorcuron' 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially fatal 
hypermetabolism of skeletal muscle known as malignant hyperthermia There are insufficient data derved trom screening in 
susceptible animals (swine) to establish whether or not Norcuron" is capable of triggering malignant hyperthermia 


Norcuron" has no known effect on consciousness, the pain threshold or cerebration. Administration must be accempanied by 
adequate anesthesia. 


Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect ot Norcuron" 
(vecuronium bromide injection) and its duration of action. If succinylcholine is used before Norcuron the administration of 
Norcuron" should be delayed until the succinylcholine effect shows signs of wearing off. With succinylc^oline as te intubating 
agent, initial doses of 0.04-0.06 mg/kg of Norcuron" may be administered to produce complete neuromuscular blockewith clinical 
duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). The use of Norcuron* before suczinylcholin-. in order to 
attenuate some of the side effects of succinylcholine, has not been sufficiently Studied 
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Uther nondepolarizing neuromuscular DIOCKING agents (PANCUFUINUTT, U- LUUUUU!I AI NIG, H'ICIUUUTIIC, aru yanarim aut um 
fashion as does Norcuron" ; therefore these drugs and Norcuron* may manifest an additive effect when used together. Th 
insufficient data to support concomitant use of Norcuron* and other competitive muscle relaxants in the same patient 


inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with Norcurt 
enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. With the above age 
initial dose of Norcuron* may be the same as with balanced anesthesia unless the inhalational anesthetic has been admuiniste 
a sufficient time at a sufficient dose to have reached clinical equilibrium (see CLINICAL PHARMACOLOGY). 


Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neurom 
block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglycosides (: 
neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin; polymyxin B; colis 
sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction with Norcuron* during s 
unexpected prolongation of neuromuscular block should be considered a possibility. 


Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that re 
paralysis may occur. This possibility must also be considered for Norcuron" . Norcuron* induced neuromuscular block: 
been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). Electrolyte imbalance and disease 
lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular blockade. Dey 
on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, administered 
management of toxemia of pregnancy, may enhance the neuromuscular blockade. 


Drug/laboratory test interactions: None known. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to € 
carcinogenic or mutagenic potential or impairment of fertility. 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron" . It is also no 
whether Norcuron” can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. No 
should be given to a pregnant woman only if clearly needed 


Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are moderate 
sensitive to Norcuron* on a mg/kg basis than adults and take about 11/2 times as long to recover. Information presently c 
does not permit recommendations for usage in neonates. 


ADVERSE REACTIONS: Norcuron" was well-tolerated and produced no adverse reactions during extensive clinical trials. T 
frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the drug's pharma 
action beyond the time period needed for surgery and anesthesia. This may vary from skeletal muscle weakness to profo 
prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 


Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron* as with all cu 
drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged adequate. Lit 
increase in intensity of blockade or duration of action of Norcuron" is noted from the use of thiobarbiturates, narcotic an: 
nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which als 
respiratory depression 


OVERDOSAGE: There has been no experience with Norcuron* overdosage. The possibility of iatrogenic overdosage 
minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 


Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual neuromuscular t 
beyond the time period needed for surgery and anesthesia may occur with Norcuron" as with other neuromuscular block 
may be manifested by skeletal muscle weakness, decreased respiratory reserve, low tidal volume, or apnea. A periphe! 
stimulator may be used to assess the degree of residual neuromuscular blockade and help to differentiate residual neuron 
blockade from other causes of decreased respiratory reserve. 


Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
narcotics, thiobarbiturates and other central nervous system depressants. Under such circumstances the primary trea 
maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal respiration is ; 
Regonol” (pyridostigmine bromide injection), neostigmine, or edrophonium, in conjunction with atropine or glycopyrrt 
usually antagonize the skeletal muscle relaxant action of Norcuron". Satisfactory reversal can be judged by adequacy 0 
muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used tc 
restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the prt 
extreme debilitation, carcinomatosis, and with concomitant use of certain broad spectrum ar 
or anesthetic agents and other drugs which enhance neuromuscular blockade or cause re 
depression of their own. Under such circumstances the management is the same as that of p 
neuromuscular blockade. Ventilation must be supported by artificial means until the pa! 
resumed control of his respiration. Prior to the use of reversal agents, reference should be ma 
specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron* (vecuronium bromide injection) is for intrave 
only. This drug should be administered by or under the supervision of experienced Clinician: 
with the use of neuromuscular blocking agents. Dosage must be individualized in each case. Th 
information which follows is derived from studies based upon units of drug per unit of body well 
intended to serve as a guide only, especially regarding enhancement of neuromuscular blc 
Norcuron* by volatile anesthetics and by prior use of succinylcholine (see PRECAUTIONS/Dru 
tions). Parenteral drug products should be inspected visually for particulate matter and disi 
prior to administration, whenever solution and container permit. 


l To obtain maximum clinical benefits of Norcuron* and to minimize the possibility of overdo 
monitoring of muscle twitch response to peripheral nerve stimulation is advised. 


The recommended initial dose of Norcuron* is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgo) given as an intravenc 
injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 to 3.0 min 
injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 minu 
recovery to 2596 of control achieved approximately 25 to 40 minutes after injection and recovery to m of control 
approximately 45-65 minutes after injection. In the presence of potent inhalation anesthetics, the neuromuscular block 
of Norcuron* is enhanced. If Norcuron" is first administered more than 5 minutes after the start of inhalation agent or whi 
state has been achieved, the initial Norcuron" dose may be reduced by approximately 15%, i.e., 0.060 to 0.085 mg/kg. 


Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action of Norc 
intubation is performed using succinylcholine, a reduction of initial dose of Norcuron* to 0.04-0.06 mg/kg with i 
anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required 


During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron* are recommended; 
initial Norcuron" injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, clinic 
should be used to determine the need for maintenance doses. Since Norcuron* lacks clinically important cumulativ 
subsequent maintenance doses, if required, may be administered at relatively regular intervals for each patient 
approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (If less 
administration is desired, higher maintenance doses may be administered.) 


Should there be reason for the selection of larger doses in individual patients, initial doses ranging trom 0.15 mg/kg t 
mg/kg have been administered during surgery under halothane anesthesia without ill effects to the cardiovascular sys' 
noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 


Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements (mg/kg) 
and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly higher initial dose anc 
require supplementation slightly more often than adults. Infants under one year of age but older than 7 weeks are moder: 
sensitive to Norcuron* on a mg/kg basis than adults and take about 11/2 times as long to recover. See also sub: 
PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on usage in neot 
PRECAUTIONS). 


COMPATIBILITY: Norcuron* is compatible in solution with 
0.9% NaCl solution 5% glucos 
5% glucose in water Lactati 


HOW SUPPLIED: 5 mi vials (contains 10 mg of active ingredient) and 5 ml ampul of preservative-free sterile water for ir 
the diluent. 
Boxes of 12. NDC# 0052-0442-10 


STORAGE: PROTECT FROM LIGHT. Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30° 
DISCARD SOLUTION AFTER 24 HOURS. 


DISCARD UNUSED PORTION 
PTD. IN USA-442 
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Active Inspiratory Impedance and Load Compensation: 


Effects of Duration of Anesthesia 


Ahmet Baydur, MD, Catherine S. H. Sassoon, MD, and Claire M. Stiles, MD 








BAYDUR A, SASSOON CSH, STILES CM. Active 
inspiratory impedance and load compensation: effects of 
duration of anesthesia. Anesth Analg 1986;65:1-8. 


General anesthesia results in increases in respiratory elas- 
tance and flow resistance within 10—15 min after induction. 
Stabilization (compensation) of the respiratory system in 
the face of this added load is related to the addition of active 
(contractile) force-length and force—veloctty properties to 
its internal impedance during inspiration. The difference 
between active (inspiratory) and passive. (relaxation— 
exhalation) values of elastance and resistance can be used 
as an index of load compensation. We therefore evaluated 
the effects of duration of anesthesia on respiratory impedance 
and stabilization by comparing active elastance (E'rs) and 
flow resistance (R'rs) to thetr corresponding passive values 
(Ers, Rrs) at the beginning and end of steady-state breathing 
in ten young, healthy anesthetized adults undergoing or- 
thopedic surgery (anesthesia ~1.5 MAC of a halogenated 
anesthetic in 60% N1O—4055 O), Occlusion pressure (D, ;) 





and components of ventilation also were measured. Dura- 
Hon of anesthesia did not correlate with changes in active 
or passive mechanics or with control of ventilation. Mean 
Krs increased by 76% (P < 0.025), probably due to a decline 
of atropine effect; however, R'rs increased by only 17%, 
indicating near-maximum stabilization of flow-resistive 
properties at the end. Passive elastance increased 6%, whereas 
E'rs increased 3.8%, indicating essentially constant vol- 
ume-elastic stabilization throughout, Occlusion pressure in- 
creased 20% and VT/TI 22%, probably due to a decline in 
effects of sedation and neuromuscular blockade, We conclude 
that after induction of anesthesia, the reserve available to 
overcome flow resistance (intrinsic plus equipment) dimin- 
ishes but is not related to duration of anesthesia. The reserve 
avatlable to overcome elastic properties remains essentially 
constant throughout anesthesia. 


Key Words: VENTILATION—pulmonary mechan- 
ics. LUNG —ventilatory mechanics. 








General anesthesia results in increased total respira- 
tory system elastance (Ers) and flow resistance (Rrs) 
in normal individuals, usually within 5-10 min after 
induction (1-13). Most studies have failed to dem- 
onstrate significant changes occurring beyond the first 
15 min of anesthesia in resistance to airflow (9,10,13,14), 
lung elastance (6,7,10), or total respiratory elastance 
(6,9,13). Most investigators have computed only pas- 
sive respiratory mechanics, which can be defined as 
the impedance of the respiratory system due to the 
volume-elastic impedance (elastance) and flow-resis- 
tive impedance (flow resistance) offered by the me- 
chanical properties of the airways, the lung, and the 
chest wall when the respiratory muscles are relaxed 
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(11). Mcllroy et al. (15) made use of this property to 
measure the elastic (Ers) and flow-resistive (Rrs) prop- 
erties in conscious humans. Later Bergman et al. (4,5) 
and most recently Behrakis et al. (11,12) used the same 
approach to measure Rrs in anesthetized, paralyzed 
subjects by analysis of flow-volume curves obtained 
during relaxed expiration. 

In contrast to when the respiratory muscles are 
relaxed, during active inspiration, the force- velocity 
and force-length properties of the inspiratory mus- 
cles add to the internal respiratory impedance: the 
force-velocity properties add to the flow-resistive 
impedance and the force-length properties to the vol- 
ume-elastic impedance (16-18). In addition, to the 
extent that active breathing may involve distortion of 
the chest wall from its passive (relaxed) configuration, 
this also should result in increased active elastance of 
the respiratory system (18,19). In these studies, the 
overall impedance of the respiratory system during 
active breathing could be approximated by a constant 
elastance (E'rs) and a constant resistance (R'rs), which 
henceforth are referred to as active values. Values of 
E’rs and R'rs have been determined in anesthetized 
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Table 1. Physical Characteristics, Premedication, Anesthetic Agents, and Time Elapsed Between Studies in Ten Subjects 


Vital 
Subject Age Height Weight Capacry 
number Sex (yr) (m) (kg) (L) 
l M 27 1.68 76.4 4.50 
2 M 29 1.70 66.8 4.84 
3 M 21 1.52 58.0 4.93 
4 M 22 1.75 63.2 4.50 
5 M 30 1.75 75.0 4.60 
6 P 38 1.63 60.9 3.20 
7 M 19 17 65.9 5.00 
8 F 20 1.51 44.8 2:13 
9 F 42 1.63 56.2 d 2 
10 M 29 1.73 54.6 4.72 
Mean 2 1:67 62.2 4.26 


"EV 
SD bed 0.09 99 0.77 





cats by Siafakas et al. (16) and Zin et al. (17), and more 
recently in anesthetized humans by Behrakis et al. 
(18). Active inspiration is analyzed on the basis of the 
following equation of motion: 


—P^, = R'rsV + E'reV (1) 


where P^, is tracheal pressure during an inspiratory 
effort with the airways occluded at functional residual 
capacity (FRC), and V and V are, respectively, the 
instantaneous flow and volume changes during a con- 
trol breath immediately preceding the occluded effort 
(18). 

There has been no systematic study of the temporal 
changes in active respiratory volume-elastic and flow- 
resistive properties during the course of anesthesia. 
Because anesthesia results in a decrease in lung vol- 
ume and increases in total respiratory elastance and 
resistance within minutes after induction, we wished 
to determine whether there was a time-dependent 
change in passive and corresponding active respira- 
tory elastance and resistance after induction. Com- 
parisons between passive and active impedance val- 
ues would also provide a temporal assessment of 
respiratory load compensation during anesthesia. In 
addition, we evaluated control of ventilation by mea- 
suring central inspiratory drive from the airway oc- 
clusion pressure and derived the effective impecance 
of the respiratory system from the mean inspiratory 
flow. 


Materials and Methods 


Ten patients (7 males, 3 females, aged 19-42) fee of 
cardiorespiratory disease and undergoing general 
anesthesia for orthopedic reconstructive procedures 
were studied. Their physical characteristics are sum- 


Anesthetic 
(60% N,O-40% Os: Interval between 
7.5 MAC) Other agents studies (hr) 
Enflurane os 0.58 
Isoflurane Fentanyl 0.83 
Halothane oe 1.15 
Isoflurane Fentany! 1.58 
Enflurane — 2.00 
Enflurane E 2.00 
Isoflurane = 2.00 
Enflurane _ 2.33 
Isoflurane Fentanyl 4.50 
Isoflurane Fentanyl 5.00 
2.20 
1.46 





marized in Table 1. After approval by our institutional 
research ethics committee, informed consent was ob- 
tained from all subjects. 

Flow (V) was recorded with a heated Fleisch No. 
1 pneumotachograph connected to a breathing circuit 
and a Validyne MP 45-1 differential pressure trans- 
ducer. Volume (V) was obtained by integration of the 
flow signal (Gould Brush integrator). Tracheal pres- 
sure (P,,) was measured through a side port mounted 
at the distal end of the breathing apparatus using 
another Validyne MP 45-1 pressure transducer. In- 
spired oxygen concentrations were measured with an 
Instrumental Laboratories IL-402 oxymeter. All sig- 
nals were amplified and recorded on a four-channel 
Gould Brush 2400 recorder. A three-way valve was 
used to occlude the airway opening or to breathe 
through three different external linear resistances (AR,, 
AR, and as) that amounted to 4.7, 13.6, and 53.7 
cm H;O.L "sec, respectively. These were connected 
to the inspiratory line and consisted of cigar-shaped 
porous silica or porcelain enemica filters. All were 
linear with flows up to 2 Lsec '. The pressure-flow 
characteristics of the four endotracheal tubes used in 
the study (7.5, 8.0, 8.5, and 9.0 mm inner diameter) 
plus pneumotachograph, valve, and connectors 
(henceforth referred to as equipment) were curvilin- 
ear and were defined by Rohrer’s equation (P = 
K,V + KV?) (11). The flow-resistance constants K, 
(laminar) and K; (turbulence) of each tube plus equip- 
ment were obtained by dividing both sides of Rohrer's 
equation by V to derive a linear function, P/V = = Ki 
+ KV. K, and K were then computed by means of 
regression analysis on experimental values of P/V vs 
V. K, and K, for the four endotracheal tubes are given 
in Table 2. We obtained all resistance values using a 
gas mixture of 60% N,O-40% Os, the same as that 
used during general anesthesia. 
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Table 2. Values of K, and K; of Four Endotracheal Tubes 


TA 


(Including Pneumotachograph and Connectors) 


(cm FLOR. sec) (cm HOL sec) 
7.3 3.36 7.65 
8.0) 2.74 6.20 
8,5 2:1 5.30 
SU 2.00 54 


Values pertain to 60% nitrous oxide and 40% oxygen. 


Procedure 


The patients were premedicated with intramuscular 
atropine (0.4 mg), hydroxyzine (1 mg/kg), and me- 
peridine (1 mg/kg) or fentanyl (0.05-0.10 mg). Induc- 
tion was accomplished with thiamylal, alone (6—10 
mg/kg) or in combination with fentanyl (0.15 mg). 
»uccinylcholine (1.5 mg/kg) or pancuronium (2 mg) 
was administered to facilitate intubation. Anesthesia 
was maintained at a constant minimal alveolar con- 
centration (MAC) of approximately 1.5 with isoflur- 
ane, enflurane, or halothane in 60% N.O-40% Os, 
through cuffed endotracheal tubes (7.5, 8.0, 8.5, or 
9.0 mm inner diameter). Once respiratory muscle pa- 
ralysis had worn off (demonstrated by onset of spon- 
taneous respirations), the patient was allowed to 
breathe until a stable ventilatory pattern was achieved 
(10-15 min after induction) (20). Every 8-10 breaths 
the three-way valve was occluded at end-inspiration 
just long enough to attain a plateau of P,. This was 
repeated 5-10 times. This maneuver was followed by 
a series of two or three end-expiratory occlusions every 
5—10 breaths, with each occlusion maintained for one 
breath. An example illustrating the procedure is shown 
in Figure 1. During spontaneous breathing, each sub- 
ject exhibited an end-expiratory pause, i.e., a period 
of zero flow toward the end of expiration, indicating 
that the end-expiratory volume was probably the elas- 
tic equilibrium point of the respiratory system. This 
was further supported by the fact that when in the 
same subjects the airwavs were occluded at end- 
expiration, P, returned to zero (atmospheric pres- 
sure) during the occluded expiration. To validate this 
procedure, linear flow resistances were added at end- 
expiratory volume in all subjects and maintained for 
one breath. 

All measurements were performed twice. In seven 
patients, the first set of measurements were made 
prior to surgery and the second immediately after 
surgery but before anesthesia was allowed to wear 
off. In three patients, both sets of measurements were 
made after induction of anesthesia but prior to the 
start of surgery. The interval between the two sets of 
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Figure I. Tracings of flow (V), volume (V), and tracheal occlusion 
pressure (P",,) in a spontaneously breathing anesthetized subject. 
Occlusion of the airway was performed at end-expiration, as in- 
dicated by the arrow, and maintained an entire respiratory cycle. 
During this period, the patient made an inspiratory effort against 
the occluded valve as indicated by the negative P°,,, which was 
measured at 0.1-sec intervals after onset of occluded inspiration. 
Vand V were measured similarly. Data plotted according to Equa- 
tion (2). 


measurements ranged between 0.58 and 5.0 hr (mean 
T SD» .2.20. 2% 1.46 hr). 

Passive hyperinflations (“sighs”) were limited to 
less than one every half hour and averaged approx- 
imately twice the tidal volume (0.7-0.8 L). No mea- 
surements were made within 5 min of any of these 
sighs. No patients had any postoperative respiratory 
complications. 


Data Analysis 


Active mechanics. E'rs and R'rs were computed by 
the method of Behrakis et al. (18). The decrease in 
resistive pressure due to the endotracheal tube and 
equipment (P) was subtracted from the driving pres- 
sure, —P^,, in Equation (1) and both sides of the 
equation were divided by V: 


(Pe — KV — KVV = R'rs + E'rs VIV (2) 


where (K;V + K,V*) represents the pressure drop due 
to the equipment. Equation (2) is a linear function of 
the type y = a + bx where E'rs is the slope and R'rs 
is the intercept on the y-axis. To construct this linear 
relationship, P°,,, V, and V were measured at 0.1-sec 
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Figure 2. Relationships between (P^, - Pay V and V/V in patien: 
number 9 at the end of her study. Broken line and open circles 
represent unloaded relationship computed for mean of two values 


of R'rs and E'rs. Closed circles, open triangles, and closed triangles 


correspond, respectively, to inspiration loaded with linear resist: 
ances of 4.79, 13.68, and 53.7 cm H;Osec, Solid lines are regression 
lines corresponding to data points applied to Equation (3). 


intervals after the onset of inspiration. Values ef P°,. 
were obtained during the occluded inspiratory effort; 
V and V were obtained from the immediately pre- 
ceding unloaded inspiration. Onset of inspiration was 
judged as the beginning of inspiratory flow, a nega- 
tive deflection of P^,, or both. For each patient. E'rs 
and R'rs were computed from the mean of two or 
three sets of occluded breaths preceding unocciudec 
breaths. 

When one of the linear flow resistances, AR, is 
added to the inspiratory limb of the apparatus, Equa- 
tion (2) becomes 


(Pr — PWV = R'rs + AR + E'rs VIV. (3i 


where Pa corresponds to (KiV + KV?) in Equatior 
(2), and the sum of R'rs and AR is the intercept of the 
plot on the y-axis. Each loaded breath was comparec 
to the mean of two or three control (occluded-preced- 
ing unoccluded) breaths analyzed in every patient. 
In all subjects, Equation (2) was found to be linear, 
proving that this approach is applicable in anesthe- 
tized humans (Fig. 2). It also implies that R’rs anc 
E’rs were constant within the range of volumes (up 
to 0.5 L) and flows (up to 0.6 Lsec” !) used. After the 
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addition of linear resistances, the intercepts of the 
relationships in all patients increased by virtually the 
same amount as AK, whereas the slope (E'rs) did not 
change significantly, further validating this approach. 

The analysis according to Equation (2) involves two 
assumptions. The first is that the intensity (rate of 
rise) of inspiratory neural drive is the same during 
the occluded and preceding unoccluded inspiration 
(17,18). Although there is good evidence that in deeply 
anesthetized animals this is the case for the dia- 
phragm (16), Corda et al. (21) demonstrated that in 
pentobarbital-anesthetized cats the neural drive to the 
inspiratory intercostal muscles increased during the 
first occluded breath at FRC. However, our patients 
received halogenated inhalational anesthetic agents, 
of which at least halothane has been shown to pref- 
erentially depress the intercostal muscle activity with 
sparing of diaphragmatic function (22). Accordingly, 
the assumption of unchanged intensity of Inspiratory 
drive during occlusion in our subjects seems to be 
reasonably valid. This is also supported by the ad- 
dition of linear resistive loads (AK), during which the 
increase in intercept (Equation (3)) was always very 
close to AR (Fig. 2). The second assumption is that 
Equation (2) implies that E'rs and R'rs are constant 
during inspiration. A constancy of R'rs (and by im- 


plication E'rs) has been demonstrated in anesthetized 
cats (23). 


Passive. mechanics. We also analyzed the passive 
elastance (Ers) and passive resistance (Rrs) of the total 
respiratory system in all patients, using the method 
of Behrakis et al. (11). The airway was occluded at 
end-inspiration, and tracheal pressure (P,,) was mea- 
sured when the patients relaxed their respiratory 
muscles long enough for P, to plateau (1-2 sec). The 
value for Ers was obtained by dividing the P,, plateau 
by the tidal volume. The airway was then opened and 
the patient allowed to exhale to end-expiratory vol- 
ume. Analysis of the ensuing relaxed expiratory 
V-V relationship led to computation of Rrs (11). The 
value for Rrs (not including the upper airway) was 
obtained by subtracting the flow resistance of the 
equipment and endotracheal tube. Measurements of 
Ers and Rrs were repeated 5-10 times and were 
reproducible. 

During measurement of both active and passive 
respiratory mechanics, potential problems associated 
with flow-related kinetic energy losses at the junction 
of the endotracheal tube and trachea were resolved 
according to the method of Behrakis et al. (11). The 
passive and active time constants of the respiratory 
system, 7rs and 7'rs, respectively, were obtained as 
the ratios Rrs/Ers and R'rs/E'rs, respectively (17). 
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Table 3. Active and Passive Elastances, Resistances, and Time Constants at Start and End of 5tudy 








e a MM 


Active 
Subject E'rs R'rs T'rs 
number (cm HOL ') (cm H:-O-L~ Hsec) (sec) 
Start End Start End Start 
1 33.2 35.3 4.04 4.03 0.122 0.114 
2 28.0 24.8 5:25 5.24 0.188 0.212 
3 31.1 28.0 1.47 2.54 0.047 0.091 
4 30.2 37.9 1.47 5.48 0.049 0.145 
5 21.8 20.8 3.97 3.45 0.183 0.166 
6 28.2 35.7 5.34 4.87 0.189 0.137 
7 30.1 32.5 1.88 6.14 0.062 0.189 
8 31.5 30.2 1.45 2.60 0.046 0.086 
9 28.0 28.1 6.30 1.97 0.225 0.070 
10 25.5 25.9 1.93 2:52 0.076 9.097 
Mean 28.8 29.9 3.3] 3.88 0.119 0.131 
SD 3. 5.4 1.89 1.48 0.071 0.047 
P NS NS NS 


Passive 
Ers Rrs TTS 
(cm HOL `) (cm LOL- Hsec) (sec) 
Start End Start End Start End 
29.8 30.1 0.86 4.72 0.029 0.157 
22.2 21.3 4.09 4.82 0.185 0.226 
22.0 20.4 1.69 2.37 0.077 0.116 
21.8 23.4 1.12 4.90 0.051 0.210 
17.9 18.9 1.24 2.06 0.069 0.109 
26.3 29,9 2.21 3.55 0.084 0.119 
19.1 25.3 2.11 5.00 0.110 0.198 
19.1 22.4 0.58 0.69 0.030 0.031 
21.0 19.9 2.66 1.88 0.127 0.095 
21.2 22.7 1.46 1.68 0.069 0.074 
22.0 23.4 1.80 3.17 0.083 0.134 
3.6 3.9 1.03 1.62 0.047 0.063 
NS « 0.025 < 0.025 


Abbreviations: NS, not significant; E’rs, active elastance; Ers, passive elastance; R'rs, active resistance; Rrs, passive resistance; 7'rs, time constant of active 


respiratory system; 775, time constant of passive respiratory system. 


Significance comparison of corresponding active and passive values: E'rs and Ers, P < 0.001; R'rs and Rrs, P — 0.02 at the start, P < 0.05 at the end; 7'rs 
and trs, NS. P values for Ers and E'rs were the same at both the start and end of the study. 


Control of ventilation. Inspiratory time (T1) and total 
breathing cycle (Tr) were obtained from the flow sig- 
nal. Occlusion pressure (Po) was expressed as the 
inspiratory pressure obtained 0.1 sec after the onset 
of inspiratory occlusions (24). It was obtained from 
the same occluded inspiratory breath used to compute 
E'rs. The "effective impedance" was expressed as the 
ratio of P, ,/(Vr/Ti) (25). All measurements refer to the 
average of 2-3 breaths. The coefficient of variation for 
all parameters of control of ventilation was approxi- 
mately 15% in all patients. 


Statistical analysis. The distribution of the paired 
differences between corresponding passive and active 
components of respiratory mechanics, and between 
corresponding values of mechanics and control of 
ventilation at the beginning and end of anesthesia 
(Tables 3 and 4), were inspected for normality using 
the Shapiro and Wilk's W-statistic. The null hypoth- 
esis of normality could not be rejected (P « 0.05) in 
any instance. Therefore, significances of differences 
between pairs of data were computed according to 
Student's t-test, using a significance of P < 0.05. 


Results 


Figure 2 shows a plot of (— P, — P, V vs V/V ob- 
tained in a subject under unloaded conditions and 
four corresponding loaded inspirations. The linear re- 
lationships in all instances showed correlation coet- 
ficients (r) greater than 0.99. The lines are parallel with 


the difference between the intercept of the unloaded 
inspiration and each of the intercepts of the loaded 
inspirations representing an amount close to the added 
AR. In all ten patients, similar straight relationships 
with r ranging from 0.95 to 1.0 were obtained at both 
the start and end of anesthesia. Table 3 lists the active 
values of elastance, resistance, and respiratory time 
constants obtained under unloaded conditions, to- 
gether with their corresponding passive values in the 
10 patients at the start and end of the study. Values 
for Ers, E'rs, R'rs, and 7'rs demonstrated small but 
nonsignificant increases by the end of the study. 
However, Rrs and rs increased significantly by 76 
and 61%, respectively (P < 0.025). 

Our values of R'rs were, on the average, 83.9% 
higher (P « 0.02) than the corresponding passive val- 
ues in the beginning of the study and only 22.4% 
higher (P « 0.05) at the end. However on the average, 
E'rs exceeded Ers by 30.9% (P « 0.001) in the begin- 
ning, and by 27.8% (P < 0.001) at the end of the study. 
There was no relationship between individual dura- 
tions of anesthesia and changes in passive and active 
respiratory impedance. 

Table 4 lists values for control of ventilation. There 
was no significant change in frequency (f), inspiratory 
time (TI), minute ventilation (VE), or the "effective" 
inspiratory timing (Ti/TT). On the other hand, VT and 
Vr/Ti increased 18.0% (P < 0.05) and 22.4% (P < 
0.005), respectively, by the end of the study. The value 
of Py, increased 20.2%, but this was not significant. 
Because VT/Ti increased about as much as P,,, the 
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Table 4. Ventilatory Parameters and Airway Occlusion Pressure (Poi) in Ten Anesthetized Normal Patients 





Ps (VETH 
VT Po (cm 


VE f (breaths VT Ti 0. 
(sec) (L-sec ^!) TVET (cm H«O) H2O-L hsec) 


Re tt: Lemin `! min ' (L 
Subject l ) ) - Le 3 
number Start End Start End Start End Start End Start End Start End Start End Start End 
a re one A a ee lee EE ee aes ee 


Isi mammenn tnea ren a a eee aa PRR HHH Nahr Rte inlet ee RRL RR ne M E ed SEN a 


i 6.17 6.96 210 18.5 0.294 0.376  Li8 1.43 0.249 0.263 O41 0.44 183 1.28 Trad 4.87 
2 4.07 557 164 17.5 0.248 0.318 1.70 160 0.146 0.199 046 047 095 1.70 6.51 8.54 
3 5.59 7.115 22.0 18.0 0254 0.397 1.85 110 0.242 0.361 0.39 033 113 095 47 2.64 
4 8.56 696 195 15.0 0439 0.464 1.15 1.00 0.382 0.464 0.37 0.25 290 3.70 7.63 8.04 
5 425 5.22 15. 121 0.283 0.431 L4»  L75- 0.195. 0.246. 0.36. 10.35. 0:50. 038 250 1.52 
6 2.57 468 155 13.8 0.359 0.339 1.60 1.45 0244 0.234 0.41 0.33 O81 0.85 Aida 3.63 
7 4.65 781 13.0 16.0 0.358 0.488 1.55 1.40 0.231 0.349 0.34 0.337 070 1.30 3.03 3.73 
8 4.25 546 145 160 0.293 0.341 143 147 0.205 0232 035 0.39 O84 062 4.10 2.67 
9 6.90 7.14 15.0 20.0 0460 0.357 1.55 1.15 0.297 0.310 0.39 038 1418 1.71 3.97 Jaz 
10 4.43 680 15.0 192 0.295 0.354 1.70 1.45 0.174 0.244 0.43 0.46 0.60 1.20 3.45 4.92 
Mean 5.44 6.38 16.7 166 0.328 0.387 144 1.38 0.237 0.290 0.39 0.38 1.14 1.37 4.66 4.61 
SD 1.45 1.04 3.0 2.5 0.074 0.057 0.23 023 0.060 0.080 0.04 0.07 0.72 0.92 1.85 2.20 
P NS NS « 0.05 NS « 0.01 NS NS NS 


T n aama UUO 


Abbreviations: NS, not significant; Ve, minute ventilation; f, respiratory frequency; Vr, tidal volume; fi inspiratory duration; Vr/Vi, mean inspiratory 


flow; TvTr, effective inspiratory timing; Puy, occlusion pressure at €. 1 sec; Pa ,(VT/TI), effective impedance. 


"effective impedance," P, ,/(Vr/Ti), did not change, 
consistent with the lack of significant change in E'rs 
and R'rs. Again, there was no correlation between 
length of anesthesia and changes in Poa, Vr, VE, and 
VT/TI. 


Discussion 
As shown in Table 3, the values for Ers in our anes- 
thetized subjects averaged 22.0 and 23.4 cm HOL! 
at the start and end of the study period, respectively 
(change not significant). They were higher than cor- 
responding values for unanesthetized normal sub- 
jects (~10 cm H;O-L ') and in agreement with pre- 
vious reports on humans anesthetized with halothane 
(11,18) and isoflurane (9). Values of E'rs were, on the 
average, about 30% higher than Ers (P < 0.001). A 
similar difference (34%) has been found previously in 
halothane-anesthetized individuals by Behrakis et al. 
(18), whose values of Ers and E'rs were similar to-ours 
(mean + sp, 23.2 + 3.7 and 31.2 + 5.2 cm HOL '!, 
respectively). 

Our values of Rrs and R'rs were higher overall (1.80 


at the end of the study) than values reported by Beh- 
rakis et al. (mean values for Rrs and R'rs 1.8 and 2.1 
cm H;O-L ` sec, respectively) (18), the differences being 
statistically significant for the end-study Rrs and both 
sets of R'rs (P < 0.001). This discrepancy may reflect 
the fact that four of our patients received fentanyl, 
which is known to cause bronchoconstriction (26,27). 

Factors that may have contributed to the increase 
in flow resistance by the end of the study include a 


decrease in FRC resulting from a cephalad displace- 
ment of the diaphragm. This would result in an in- 
crease in Rrs and R'rs. However, it would also result 
in increases in Ers and E'rs, which did not occur. In 
addition, a change in FRC should result in a change 
in static lung recoil [P,(L)]. In our study, P,(L) mea- 
sured by the esophageal balloon technique of Baydur 
et al. (28), averaged 7.9 cm H,O at the beginning and 
7.5 cm H,O at the end (difference not significant). 
Given the relative constancy of Ers, E'rs, and P.(L), 
it is unlikely that the increased flow resistance re- 
sulted from a decrease in FRC. This is in agreement 
with other investigators who showed that FRC did 
not decrease progressively after an initial decline that 
occurred immediately after induction (29-32). The ef- 
fect of atropine was probably wearing off and may 
also have contributed to the increase in Rrs and R'rs. 
Don and Robson (33) noted that the atropine-induced 
decrease in flow resistance is most likely due to a 
genuine change in bronchomotor tone rather than a 
change in end-expiratory volume. As the broncho- 
dilating effect of atropine declines, both Rrs and R'rs 
will increase. We favor this mechanism. 

Although intrinsic Rrs increased by 76%, R'rs in- 
creased by only 17%, indicating a smaller "reserve" 
available for stabilization of flow-velocity properties 
during the latter stages of anesthesia. In contrast, ac- 
tive elastance increased by only 3.8%, closely ap- 
proximating the 6% in its corresponding passive value. 
This implies that stabilization of volume-elastic prop- 
erties did not change throughout anesthesia. The ef- 
fects of the changes in passive and active flow-resis- 
tive and volume-elastic impedance are also reflected 
in the passive and active time constants of the res- 
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piratory system (7rs and 7’rs, respectively) (Table 3). 
The value of 7'rs is larger than zrs at the beginning 
of the study, reflecting the relatively larger difference 
between Rrs and R'rs than between Ers and E'rs. As 
Rrs increased proportionately more than R'rs, the dif- 
ference between yrs and 7'rs became unapparent (be- 
cause (E'rs-Ers) remained virtually constant). These 
findings suggest that, at least in early anesthesia, in 
relation to the passive respiratory system, the pres- 
sure losses during active breathing x due to force—velocity 
properties of the system were greater than pressure 
losses due to force-length properties. As flow resist- 
ance increased with waning vagolvtic action, intrinsic 
stabilization approached maximum, diminishing the 
difference between passive and active resistance (i.e., 
the reserve available for load compensation). These 
results, at least at the beginning of anesthesia, are in 
contrast to those of Behrakis et al. (18), who found 
that as a result of a greater increase in elastance (34%) 
than intrinsic resistance (17%) during active breath- 
ing, the active intrinsic time constant was somewhat 
shorter (0.067 sec) than corresponding passive values 
(0.079 sec). Again, these differences can be accounted 
for by the use of fentanyl in four of the subjects, 
resulting in greater active flow resistance values (3.3 
cm H;O.L 'sec) than those reported by Behrakis et 
al. (2.1 cm HLO-L sec) (18). In this connection, be- 
cause of the highly curvilinear flow resistance offered 
by the endotracheal tubes, the overall (tubes in- 
cluded) behavior of either the passive or active res- 
piratory system cannot be characterized bv single time 
constants (18), as was the case in cats studied by Sia- 
fakas et al. (16) and Zin et al. (17), in which the equip- 
ment resistance was linear within the experimental 
range of flows. 

Accurate measurement of Rrs and R'rs in intubated 
subjects requires an assessment of the contribution of 
the endotracheal tube (Req) to the total resistance while 
under anesthesia. However, separate in vitro values 
ot Reg alone have sometimes been reported to be greater 
than the combined resistance of Rrs (or R'rs) + Reg 
in vivo. This results from kinetic energy losses at the 
junction between the tube and the trachea (34,35). 
Methods used to circumvent the need to estimate this 
kinetic energy dissipation have included measure- 
ment of airway pressure with the use of a small cath- 
eter placed some distance beyond the tip of the en- 
dotracheal tube (36). This method may give variable 
results, depending on the position of the catheter tip 
with respect to gas flow. Use of a tight-fitting tracheal 
cannula with airway pressure measured close to the 
trachea-cannula junction is another method used. Al- 

though losses due to lumen widening are small, this 
method is invasive and can be used only in trache- 
otomized patients (34). Another method involves sep- 
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arate measurement of the resistance due to the pres- 
sure drop across a combined equipment-endotracheal 
tube-artificial trachea system (11,12). A smooth-bore 
tube simulating the trachea is mounted on the distal 
end of the endotracheal tube, extending about 10 cm 
beyond its tip. We used this method, to which we 
applied Rohrer’s relationship in computing the con- 
stants K; and K for our equipment-trachea model in 
vitro and subtracting them from the K, and K, values 
derived from the intubated patients. In every case the 
K of the intubated patient was virtually the same as 
or slightly exceeded the K, of the in vitro tube model. 
These findings validated the use of the tube-trachea 
model for determining the contribution of the endo- 
tracheal tube to the total airway resistance. 

We found no relationship between central drive 
and active elastance or flow resistive properties. The 
correlations between P, , and E'rs were poor both at 
the start and end of the study period (r = 0.50 in 
both situations). Similarly, the correlations between 
Py, and R'rs were even worse (r = 0.17 at the start 
and r — 0.41 at the end of the study). These findings 
suggest that the interindividual variabilities in central 
drive and active impedance were too great to define 
a cause and effect relationship between them. 

By relating Po, to Vr/Ti, we can assess whether 
changes in mechanics of the respiratory system con- 
tributed to the increase in VT/TI (24). An increase in 
the effective impedance, P; ,/(VT/Vt), would have sug- 
gested that respiratory drive increased in response to 
an increased internal impedance. Yet in our study, 
although both mean Py, and VT/Ti increased, mean 
Po VTT) did not change significantly, indicating that 
the increase in drive was probably not due to a change 
in respiratory elastance and resistance, but to a de- 
cine in the effects of sedative and neuromuscular 
blocking drugs. In this connection, there was no re- 
lationship between the different anesthetic agents used 
and changes in active and passive values of respira- 
tory impedance or in changes of ventilation. Thus it 
appears that halogenated volatile anesthetics have 
similar quantitative and temporal effects on respira- 
tory mechanics and load compensation. 

In summary, we have shown that in young adults 
undergoing premedicated general anesthesia, passive 
and active values of respiratory elastance do not in- 
crease significantly beyond the first 10 min of anes- 
thesia, up to at least 2 hr. In contrast, there was a 
small increase in flow resistance (although it remained 
at the upper range of normal for anesthetized adults). 
This small change was not time-dependent and was 
attributed to an increase in bronchomotor tone as atro- 
pine action declined. We demonstrated a small in- 
crease in respiratory drive that can be explained on 
the basis of declining sedation and neuromuscular 
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blockade. The increase in drive was not related to 
changes in passive or active impedance. Comparisons 
of passive and active respiratory mechanics under 
anesthesia in older patients and in patients with pul- 
monary and chest wall disorders should further en- 
hance understanding of respiratory load compensation. 
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Ventilatory and Circulatory Responses to Carbon Dioxide and 
High Level Sympathectomy Induced by Epidural Blockade in 


Awake Humans 


Shuji Dohi, MD, Reiko Takeshima, MD, and Hiroshi Naito, MD 


DOHI 5, TAKESHIMA R, NAITO H. Ventilatory and 
circulatory responses to carbon dioxide and high level 
sympathectomy induced by epidural blockade in awake 
humans. Anesth Analg 1986;65:9—14. 


In order to examine the effects of cervico—theracic epidural 
block with 1.5% lidocaine on ventilatory and circulatory 
responses to carbon dioxide, the authors studied the 
CO;-ventilatory response curves and the changes in heart 
rate (HR) and blood pressure (AP) to rebreathing of exhaled 
gas before and after the block in healthy volunteers. Neither 
resting ventilation nor ventilatory response to CO, was 
affected by the epidural block (mean analgesic level extended 
from C4 to T7); the slope of the CO;—ventilatory response 
curve averaged 2.38 + 0.81 Lemin ^ mm Hg ' (mean + 





High levels of epidural anesthesia do not appear to 
be associated with clinically significant circulatory (1-5) 
or ventilatory (2,6,7) changes unless concentrations 
of local anesthetics used are great enough to produce 
paralysis of intercostal and phrenic nerves (8-10). On 
the other hand, high levels of epidural anesthesia are 
associated with sympathetic blockade that may affect 
responses of circulatory and ventilatory systems to 
stimuli, such as respiratory acidosis, that normally 
produce significant increases in sympathetic activity 
(11-13). The present study was designed to determine 
how high levels of sympathetic denervation during 
epidural anesthesia modify cardiovascular and res- 
piratory responses to acute respiratory acidosis. 


Methods 


seven healthy male medical students, aged 23 or 24 
yr, volunteered to participate in this study, which was 
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SD) before and 2.32 + 0.82 Lemin mm Hg ^! after the 
block. Resting HR and AP decreased significantly (P < 
0.01) after the block, but responses in HR and AP to CO, 
rebreathing were not significantly changed by the block. 
Plasma concentrations of norepinephrine and epinephrine 
were similar before and after the block both with and without 
CO, rebreathing. These results indicate that high levels of 
sympathetic denervation induced by epidural block do not 
impair circulatory and ventilatory responses to carbon diox- 
ide in awake, healthy humans. 


Key Words: VENTILATION—carbon dioxide re- 
sponse. CARBON DIOXIDE-—hypercarbia. ANES- 
THETIC TECHNIQUES, EPIDURAL. 





approved by our Institutional Review Committees. 
Subjects refrained from caffeine or alcohol-containing 
beverages for 12 hr and took nothing by mouth for 6 
hr before they were studied. 

In each subject an intravenous catheter was in- 
serted for infusion of lactated Ringer's solution (4-5 
serted for direct measurements of arterial blood pres- 
sure (AP) and for sampling of arterial blood. Electro- 
cardiogram, heart rates (HR) calculated on a beat-to- 
beat basis (1321, Tachometer, Sanei Co., Tokyo) and 
AP were recorded throughout the study. 

Each subject was placed in the supine, horizontal 
position and told to listen to symphonic music through 
headphones while breathing in a quiet, relaxed fash- 
ion through a face mask (dead space volume, 40 ml), 
which connected to a hot-wire spirometer of a con- 
stant temperature type (Respiromonitor, RM-200, 
Minato Med. Science, Osaka) (14) and a CO, analyzer 
(Datex, Finland). These were calibrated using a 1000- 
ml rolling calibrating syringe and standard gas mix- 
tures, respectively. Tidal volume (VT), respiratory rates 
(RR), expired minute volume (VE), and end-tidal con- 
centration of carbon dioxide (ETCO;) were recorded 
digitally every 30 sec by a recorder (Epson, MP 80). 
All volumes were converted to BTPS. 
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After 5 min of quiet breathing, the responses to 
endogenous CO, were assessed by the method of 
Read (15). A dead-space circuit (7-L bag and corru- 
gated tube filled with oxygen, CO,, and air) was con- 
nected to the face mask. Oxygen was added to the 
system to meet metabolic requirements and to main- 
tain a constant volume in the rebreathing apparatus. 
After a progressive increase in ETCO,;, the tes! was 
terminated at an ETCOs of 7.0-7.5%, which was usu- 
ally achieved within 6 min. Two arterial blood sam- 
ples were taken for blood gas analyses and for mea- 
surements of plasma concentrations of norepinephrine 
and epinephrine; one during a quiet breathing and 
the other at the time just before termination of 
rebreathing. 

After the control measurements, each subject re- 
ceived cervical epidural block in the lateral decubitus 
position. After intradermal and subcutaneous in- 
jection of 1-2 ml of 1% lidocaine at the C7-T1 in- 
tervertebral space, a 17-gauge Tuohy needle was 
inserted into the epidural space using the loss-of- 
resistance technique. After the identification of the 
epidural space, 10 ml of 1.5% lidocaine without epi- 
nephrine was injected through the needle. Each sub- 
ject then was placed in the supine position. The level 
of analgesia in each subject was measured using the 
pinprick method 20 min after the injection. The ven- 
tilatory and circulatory responses to endogenous car- 
bon dioxide were then measured again in the same 
way as before the epidural block. Two arterial blood 
samples were also obtained 20 min after the epidural 
injection and just before termination of the rebreath- 
ing test. 

CO;-ventilatory response curves were constructed 
for each subject before and after the block. The slope 
of each curve is the difference between ventilation 


(VE) at low (43-46 mm Hg) and high (55-57 mm Hg) 
end-tidal CO, tension divided by the difference in 
measured CO; tension. Plasma catecholamine con- 
centrations were determined by high-pressure liquid 
chromatography using the system based on the tri- 
hydroxyindole reaction (limits of assay sensitivity > 
10 pg/ml). 

Statistical significance of changes of the slope, HR, 
and AP before and after the block was determined by 
otudent's t-test. A value of P < 0.05 was taken as 
indicating significance. All values are expressed as 
mean + 1 Sp. 


Results 


The levels of analgesia were C3.9 + 0.4 to T6.9 
0.9. Though the time of onset of analgesia and the 
levels of analgesia were similar in all subjects, there 
were minor variations among subjects in the extent 
of motor blockade in the upper extremities. No subject 
complained of respiratory difficulty aside from nasal 
congestions associated with bilateral positive Hor- 
ner's syndrome seen in all subjects after the block. 
There were no statistically significant changes in ar- 
terial blood gas tension or plasma concentrations of 
norepinephrine and epinephrine after the block (Ta- 
ble 1). 


Ventilatory Response 


The cervical epidural block caused no significant change 
in resting ventilation (Table 1) or in the CO.-ventilatory 
response curves in any subject (Table 2). Expiratory 
minute volume (VE) WS similarly with increases 

in end-tidal PCO; (mm Hg) both before and after the 
block (Fig. 1). The mean values of calculated slope of 
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Table 2. Subject Characteristics and the Slopes (Lmin ^mm Hg, !) of the CO.-Ventilatory Response before and after 


the Cervical Epidural Block 
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Subject 

Body weight Height 

Age (vr) (kg) (cm) 
23 54 170 
23 62 173 
23 70 179 
24 67 178 
33 al 177 
33 ^66 173 
23 65 lane 

Mean + Tsp E wed d HI te 5 175 3 


the CO.—response curves before the block was 2.38 
+ 0.81 Lmin '-mm Hg ' (mean + 1 sp); after the 
establishment of epidural dran the slope did not 
change (2.32 + 0.82 Lmin "(mm Hg '). After the 
block, the increases in RR (10%) and in Vr (266%) 
after CO, rebreathing were different from the 40% 
increases in RR and 190% increase in Vr before the 
block. Two subjects who showed decrease in RR as- 
sociated with increases of VT during the rebreathing 
before epidural block also showed a similar pattern 
of respiratory response to CO, after the block. 


Circulatory Response 


The cervical epidural block caused a slight but statis- 
below control levels) and AP (8.7 + 8.3%). The cer- 
vical epidural block did not, however, cause any sig- 
nificant change in the magnitude of the increases in 
HR and AP in response to CO; rebreathing (Table I, 
Fig. 2). The percent increases in HR and AP from 
control levels during the rebreathing were 19.9 + 3.7 
and 17.4 + 7.1 before the block, and 23.4 + 5.4, 
17.9 + 3.8 after the block. 


Discussion 

The results of the present investigation show that 
subjects with lower cervical and upper thoracic sym- 
pathetic denervation are able to preserve circulatory 
and ventilatory responses to accumulation of endog- 
enous carbon dioxide, at least within the limitations 
of the present studv. The extent of sensory blockade 
from C4 to T7 clearly indicates that sympathetic in- 
nervation of the heart, lung, and peripheral vascu- 
lature of upper extremities, thorax, and neck were 
blocked at the epidural levels. Bilateral Horner's syn- 
drome also indicates that sympathetic innervation of 
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peripheral chemoreceptors was also blocked. Because 
we used a high concentration of a potent local anes- 
thetic, 1.5% lidocaine, to ensure complete pregan- 
glionic sympathetic denervation in the lower cervical 
and upper thoracic segments, respiratory muscles 
might have been partly blocked (8,9), though we could 
not detect this. In addition, pharmacologically active 
plasma concentrations of lidocaine might have been 
achieved in our subjects after epidural block using 
1.5% lidocaine; using 2% lidocaine without epineph- 
rine for cervical epidural block results in | plasma con- 
centrations of lidocaine greater than 2.5 ug/ml 7-30 
min after the epidural injection (16). This plasma level 
of lidocaine might affect both circulatory (17,18) and 
ventilatory function (19,20) to some extent, but the 
effect must have been relatively minor in view of the 
statistically insignificant differences in both circula- 
tory and ventilatory responses to CO; challenges be- 
fore and after the block in the present study. 

It is well known that carbon dioxide is the most 
important chemical stimulus for ventilation. Because 
cervical preganglionic sympathetic stimulation in- 
creases the frequency of sinus nerve chemosensory 
discharges (11-13), probably due to blood flow changes 
(21), we considered that the elimination of this by 
epidural blockade might depress the CO;-ventilatory 
responses. However, we could not demonstrate this 
expectation. This may be because ventilatory and car- 
diovascular responses to peripheral chemoreceptor 
stimulation produced by increases in arterial PCO, are 
less important than the effect of increases in PCO: on 
central chemoreceptors (22); the former attributes less 
than 20% of the ventilatory response to CO, in a nor- 
mal subject. Also, and perhaps more likely, lidocaine, 
both by bolus injection and by infusion, may produce 
significant changes in CO;-ventilatory response curves 
in awake humans. Gross et al. (20), for example, found 
that lidocaine infusion (serum concentration of 3.5 + 
0.2 ug/ml) increased the slope of CO.-response curves, 
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Figure 1. Minute ventilation (VE) end-tidal CO; (Pco;) curves be- 
fore (contral) and after cervical epidural block. Values are means 
X Sp: 


suggesting that studies of ventilatory control in sub- 
jects receiving conduction anesthetics must take into 
account the direct effect of absorbed local anesthe- 
tics on ventilatory control. Thus we cannot comp 'etely 
exclude the possibility that the pharmacolegical 
action of plasma lidocaine achieved after the block 
might hinder or counteract the neurologic effects on 
CO;-ventilatory responses to CO; in the present study. 

Cross et al. (22) have reported that the aerosol anes- 
thesia of the airways with 5% bupivacaine signifi- 
cantly enhanced the ventilatory response to CO, 
(VE/CO;) in conscious humans, principally by increas- 
ing respiratory frequency, though intravenous 
administration of bupivacaine (1-1.3 ug of plasma 
concentration) did not affect VE/CO;. Because respi- 
ratory frequency responses to changes in pulmonary 
CO, are likely to result from changes in pulmonary 
stretch receptors located in the peripheral regions of 
the lungs (23), itis possible that a local anesthetic may 
sensitize the receptor responses to CO» or that block- 
ade of the receptors in the larger airways by bupiv- 
acaine aerosols may contribute to the enhancement 
of the CO;-ventilatory responses observed by Cross 
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Figure 2. Changes in systolic arterial pressure (SAP) and heart rate 
(HR) as a function of end-tidal CO, (ETCO;) before (control) and 
after cervical epidural block. 


et al. (22). In the present study, we observed increases 
in VT rather than increases in respiratory frequency 
during CO, stimulation after the epidural block. How 
the sympathetic denervation of lungs at epidural level 
affects local pulmonary receptor activity and modu- 
lates such receptor function to CO, deserves further 
study. 

Systemic hypercapnia induces cardiovascular 
changes due to significant increases in sympathetic 
activity in both humans and animals (13,24,25,26). An 
increase in CO, tension has two opposite actions on 
the normally innervated cardiovascular system (25,27): 
one, a direct effect of the carbon dioxide on the pe- 
ripheral vessels resulting in vasodilation; the other, 
mediated through the response of the vasomotor cen- 
ter to an increase in CO; tension, producing periph- 
eral vasoconstriction. After sympathetic denervation, 
the circulatory responses to CO; are different (28,29) 
in that carbon dioxide accumulation then results in 
further vasodilation of sympathetically denervated 
vessels with a consequent further decrease in arterial 
blood pressure (29). Galindo (30) observed that total 
epidural blockade produced further decreases in AP 
when CO, was added to inspired gas than did the 
blockade itself in anesthetized, paralyzed dogs. More 
recently it was also found that cervical epidural block- 
ade partially suppresses ketamine-induced cardio- 
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vascular effects (31). This latter effect apparently is 
due to denervation of sympathetic cardiac efferents 
that normally mediate changes in central sympathetic 
tone to the heart. However, in the present study of 
awake humans the magnitudes of the changes in HR 
and AP responding to CO» were not statistically dif- 
ferent before and after the block, although the resting 
HR and AP decreased significantly (about 9%) after 
the block. The reason for this is unclear. Because there 
is experimental evidence that systemic hypercapnia 
excites sympathetic preganghonic neurons and thus 
increases AP and HP even in the spinal-cord tran- 
sected animals (32,33), the absence of suppressive et- 
fects in the present results seem possible. A recent 
experimental study in the spinal rat with denervation 
of peripheral chemoreceptors demonstrates that CO; 
induces a neurogenic hypertensive response even in 
the absence of respiratory activity (32). In addition, 
even in patients with cervical epidural block, a potent 
stimulus such as laryngoscopy and tracheal intuba- 
tion elicits circulatory responses (4). Therefore, it seems 
ikely that the high-level sympathectomy by epidural 
block preserves heart rate and blood pressure re- 
sponses to potent stimuli. Subjects with high thoracic 
epidural block also have normal cardiovascular re- 
sponses to exercise (3). 

The hemodynamic effects of the epidural block may 
also be caused by interaction with adrenomedullary 
function. Plasma concentrations of norepinephrine and 
epinephrine were little changed after the epidural block, 
and the rebreathing before or after the block caused 
no increase in these plasma levels. Because the block- 
ade did not involve preganglionic neurons of the lower 
six thoracic segments, which are responsible for the 
sympathetically mediated release of catecholamines 
from the adrenal medulla, it is not unexpected that 
the cervical block did not decrease resting plasma con- 
centrations of circulating catecholamines. This differs 
from the observation that thoracic epidural analgesia 
produced inconsistent and insignificant changes in 
levels of circulating catecholamines in pentobarbital- 
anesthetized dogs (34). On the other hand, during 
acute hypercapnia, circulating levels of catechol- 
amines increase. Recently, using the same method 
we used for measuring plasma catecholamine con- 
centration, Rose et al. ^35) reported that acute hy- 
percapnia (Paco; 53 + 1 mm Hg; pH 7.19 + 0.02) 
increased circulating norepinephrine levels along with 
increases in MAP, cardiac output, and heart rate in 
awake dogs, whereas circulating epinephrine re- 
mained unchanged during acute hypercapnia. The 
release of norepinephrine from postganglionic nerve 
terminals has been reported to be inhibited by local 
anesthetics (36), and sympathetic innervation of the 
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adrenal medulla might have been partially blocked in 
the present study. Therefore, our results were expected. 

Good preservation of circulatory and ventilatory 
responses to CO; during high level sympathectomy 
certainly could provide us with reassurance in some 
clinical situations, such as management of: postop- 
erative pain, as well as chronic pain. Our finding may 
also support a use of cervical epidural block for pa- 
tients with ischemic heart disease because high level 
segmental sympathetic denervation, even with pos- 
sible pharmacologic side effects, has been found to 
have beneficial effects in such patients (37,38). How- 
ever, because it is evident that the cervical and tho- 
racic sympathetic ganglia that affect circulation and 
ventilation through baroreceptors, chemoreceptors, 
or both, are very complex (32,39,40), further studies 
are necessary before the physiologic significance of 
our observations can be understood in terms of the 
clinical management of patients with ischemic heart 
disease. 


The authors thank Dr. Shuji Shimazaki, Associate Professor and 
Chief, Department of Emergency Medicine, The University of Tsu- 
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Midazolam, the first benzodiazepine derivative with water- 
soluble salts, was studted as an induction agent in general 
anesthesia for the eiderly. In group 1 (n = 14), 5 or 10 mg 
oral diazepam was used as premedication, but in group 2 
(n = 9), both oral (10 mg dixyrazin as a night-time sedative) 
and intramuscular (0.01 mg/ke atropine + 1 mg/ke me- 
peridine) premedicants were used. Serum concentrations of 
benzodiazepines were determined using both gas-liquid 
chromatographic (unchanged midazolam) and radtoreceptor 
assays (binding equivalents of benzodiazepines plus their 
active metabolites). In general, midazolam, 0.15 mg/kg, 
intravenously resulted in smooth induction of anesthesia, 
although the time required for induction was rather long 
and a sudden but transient decrease in blood pressure was 
found in a significant number of patients. The course of 
anesthesia was otherwise satisfactory. A marked amnesic 


The steadily growing number of geriatric patients seen 
in everyday anesthetic practice is nowadays clearly 
recognized (1-3). The pharmacodynamic (4-8) and 
pharmacokinetic (8-12) changes that take place with 
age result in many benzodiazepines having more pro- 
nounced effects on the central nervous system. The 
greater sensitivity of the elderly to psychoactive drugs 
is a general phenomenon (8) and, pharmacokineti- 
cally, changes in both the distribution and elimination 
of a specific agent are suspected to lead to an exag- 
gerated clinical response (12). 

In our earlier studies with intravenous flunitraze- 
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effect was observed, especially when diazepam was used as 
premedication, The pharmacokinetic parameters based on 
gas-liquid chromatographic measurements were quite com- 
parable with those in young, healthy persons published ear- 
lier. In both groups, the binding equivalents measured with 
radioreceptor assay (reflecting tota! benzodiazepine activity) 
were higher than the levels of unchanged midazolam deter- 
mined with gas-liquid chromatography. The relatively low 
dose of 0.15 mg/kg of midazolam needed for anesthetic in- 
duction in the elderly indicates not pharmacokinetic, but 
pharmacodynamic, alterations tn older patients. We con- 
clude that midazolam is a nei intravenous mduction agent 
for use in the elderly, but careful titration of the dosage 
according to the response of the patient is required. Diaze- 
pam premedication prior to midazolam causes a. marked 
anterograde amnesic effect. 


Kev Words: HYPNOTICS, BENZODIAZEPINES—mida- 
zolam. INDUCTION, ANESTHESIA—midazolam. 


pam as a sedative or for induction of anesthesia, we 
observed clinical responses that were greater in the 
elderly than in younger patients without, however, 
differences in pharmacokinetics of flunitrazepam as a 
function of age (3,6,7). In addition to the increase in 
the central sedative-hypnotic effect, sudden and un- 
expected decreases in blood pressure were found in 
some poor-risk patients, especially at the beginning 
of anesthesia induced with intravenous flunitrazepam 
(3). In the present study we evaluate the use of mid- 
azolam, the first water-soluble 1,4-benzodiazepine 
derivative, as an induction agent in elderly patients. 
Its pharmacokinetics were calculated in order to eval- 
uate any alterations in kinetic parameters as a function 
of age. The main advantages of this new agent over 
older benzodiazepine derivatives are its short and more 
predictable duration of action and a low frequency of 
venous irritation (13,14). The short drug action with- 
out residual effects makes midazolam in the elderly 
particularly worth studving. 
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Patients and Methods 


Twenty-three elderly patients were included in this 
study. In group I (8 males and 6 females; mean age 
73.4 yr, range 67-79; mean weight 69.1 kg, range 60-87; 
mean height 165.4 cm, range 147-176; ASA class III, 
n = 11 and ASA class IV, n = 3) patients received 5 
mg oral diazepam if they weighed less than 60 &g or 
10 mg if they weighed more than 60 kg as a night- 
time sedative the evening before surgery and aiso as 
a premedication given about 2 hr before operation. In 
group 2 (4 males and 5 females; mean age 72.3 vr, 
range 65-78; mean k 61.3 kg, ranpe 51-78; mean 


and ASA class IV, n = 2) patients received 10 ins Eod 
dixyrazin as a night-time sedative the evening before 
surgery. Their premedication consisted of intramus- 
cular atropine (0.01 mg/kg) and meperidine (1 mg/kg) 
given about 1 hr before the operation. In both greups, 
most of the patients were on multidrug therapy (mostly 
different analgesic and cardiovascular drugs), and only 
those being treated with benzodiazepines were ex- 
cluded from the study. In terms of diseases and drug 
therapies the two groups were comparable. The pa- 
tients were scheduled for various general surgica! pro- 
cedures. Anesthesia lasted 194.1 min (range 97-350 
min) in group 1 and 175.6 min (range 65-240 min) in 
group 2. 

Two minutes before induction of anesthesia with 
midazolam, 0.15 mg/kg intravenously (Dormicum, 
Roche), droperidol (dehy drobenzperidol), 0.03 mg/kg, 
and fentanyl, 1 ug/kg, were given intravenously to 
prevent unwanted cardiovascular effects and tc has- 
ten induction (15). The times to spontaneous closing 
of the eyes and to disappearance of the palpebral 
reflex were recorded. Tracheal intubation was íacili- 
tated with intravenous succinylcholine, 1.2-1.4 mg/kg, 
followed by intravenous pancuronium (group 1: 
0.09—0.23 mg/kg, mean 0.15 mg/kg; group 2: 0.09—0.18 
mg/kg, mean 0.13 mg/kg). N.O plus O, (60/40) was 
given throughout anesthesia, and fentanyl was ad- 
ministered when necessary (group 1: 2.6-10.5 uz/kg, 
mean 7.6 pg/kg; group 2: 3.1-8.2 ug/kg, mean 5.2 
Ag/kg). The anticurarizing agents used were atropine, 
1.0-1.4 mg, and neostigmine, 2.5 mg intravenously. 
Heart rate and systolic and diastolic blood pressures 
were monitored at 5-min intervals (using a sphvg- 
momanometer) before and during anesthesia, as well 
as in the recovery room. 

Blood samples for measurement of serum benzo- 
diazepine levels were drawn from the antecubital vein 
just before the administration of midazolam and then 
3, 5, 10, 15, 30, and 45 min and 1, 1.5, 2, 3, 6, and 8 
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hr after midazolam administration. The drug concen- 
trations were determined using both radioreceptor 
assay (RRA, binding equivalents of benzodiazepines 
plus their active metabolites; group 1: n = 12, group 
2: n = 7) (16) and gas-liquid ge Ge) (GLC, 
ipi midazolam; group 1: n — 10, group 2: 

= 7) (17). The objective in nain: drug levels 
e RRA was to indicate benzodiazepine activity 
caused by diazepam premedication before the induc- 
tion of anesthesia in group 1 and the total benzodi- 
azepine activity in both groups after midazolam in- 
duction (i.e., total binding activity caused by diazepam 
and midazolam plus their active metabolites). On the 
other hand, GLC measures only the levels of unme- 
tabolized midazolam (18). Thus RRA measurements 
better quantitate the total response to all benzodiaze- 
pines and their active metabolites, while GLC is used 
for pharmacokinetic calculations. The reproducibility 
of RRA was good (intraassay variation « 5%, inter- 
assay variation < 5% at the concentration level of 16.3 
ng/ml midazolam, n = 10). The GLC method was 
specific and sensitive enough for pharmacokinetic 
studies (midazolam recovery 74%; day-to-day and 
within-day coefficient of variation ranged from 7 to 
9%; lower limit of detection, 2 ng/ml). 

The degree of postoperative sedation was deter- 
mined by the anesthesiologist (MHV) 5 min, 1 hr, and 
2 hr after the end of anesthesia (asleep, very sedated, 
moderately sedated, alert). The first day after surgery 
the same anesthesiologist asked the patient if he or 
she remembered coming to the operating theatre, in- 
travenous infusion starting, waking up from anes- 
thesia, the time spent in the recovery room, returning 
to the ward, or events during the evening on the day 
of operation. The pharmacokinetic parameters of mid- 
azolam (GLC) were calculated using a two-compart- 
ment open model as in our earlier studies (18-20). 


Results 


The fairly low dose of 0.15 mg/kg of intravenous mid- 
azolam resulted in smooth induction of anesthesia. 
In group 1, the eyes were spontaneously closed in 
29.3 sec (range 20-120) and in group 2 in 45.0 sec 
(range 40-65). The palpebral reflex disappeared in 
106.1 sec (range 60-180) and in 72.8 sec (range 50-110). 
Cardiovascular stability during and after anesthesia 
was generally good, but 3-15 min after the beginning 
of midazolam induction, a clinically significant but 
transient decrease (>30%) in systolic blood pressure 
occurred in 5 of 14 patients in group 1 and in 4 of 9 
patients in group 2. The lowest values, 70-90 mm Hg, 
were found in three patients in group 1 and in two 
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patients in group 2. A single 3-4 mg intravenous dose 
of etilefrin, a sympathomimetic agent, was sufficient 
to rectify the situation. 

In one patient (group 1) suffering from cardiac in- 
sufficiency and rheumatoid arthritis (on digoxin, 
methylprednisolone, and indomethacin therapy) 
bronchospasm occurred 10 min after midazolam in- 
jection for which 200 mg of aminophylline was slowly 
injected intravenously and 0.25 mg of terbutaline given 
subcutaneously with satisfactory resolution of the 
bronchospasm. Postoperatively, the patient stated that 
she had been awake and experienced nightmares dur- 
ing the anesthesia. Earlier she had been anesthetized 
nine times with no problems, and she was very dis- 
satisfied with the present anesthesia. According to 
the anesthesiologist, the patient was in deep sleep 
and there were no signs that anesthesia was too light. 

None of the patients was still asleep 5 min after 
the end of anesthesia, but most patients were very 
(group 1: 7/14; group 2: 7/9) or moderately sedated 
(group 1: 7/14; group 2: 2/9) at this time. In the re- 
covery room 12/14 patients in group 1 were moder- 
ately sedated or alert both 1 and 2 hr after the end of 
anesthesia. The corresponding numbers of patients 
in group 2 were 6/9 and 7/9, respectively. Two patients 
in both groups were very sedated during the 2-hr 
period in the recovery room, and one of them (group 
2) needed artificial ventilation for 4 hr because of hy- 
poventilation and dyspnea. 

The day after anesthesia, 2/14 patients in group | 
did not remember coming to the operating theatre 
and 6/14 could not recollect the starting of intravenous 
infusions. In group 2 the respective figures were 0/9 
and 2/9. In group 1, 13/14 patients did not remember 
waking up from anesthesia, 11/14 had no recollection 
of the time spent in the recovery room, 9/14 could not 
remember returning to the ward, and 2/14 could not 
remember anything of the day of the operation. In 
group 2 the respective findings were 4/9, 2/9, 1/9, and 

/9. 

Figure 1 shows the serum drug levels in groups 1 
and 2 measured with GLC (unmetabolized midazo- 
lam) or with RRA (binding equivalents of all active 
benzodiazepines) In both groups, RRA measured 
higher levels than GLC, and after diazepam preme- 
dication in group 1 a mean serum level of 66.1 ng/ml 
was present just before induction of anesthesia (Fig. 
1). The pharmacokinetic parameters of midazolam were 
calculated from GLC determinations in groups 1 and 
2. Three earlier studies in younger subjects carried 
out by our group are presented for comparison (Table 
1). The patients of Sjóvall et al. (20) (age 54.8 + 18.4 
(sD) yr) received midazolam before spinal analgesia 
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Figure 1. Mean serum concentrations of benzodiazepines in groups 
1 and 2 measured by RRA and by GLC. Patients in group 1 were 
premedicated with oral diazepam and those in group 2 with oral 
dixvrazin and intramuscular atropine plus meperidine. Anesthesia 
was induced with intravenous midazolam, 0.15 mg/kg, in both 
groups. GLC determined only the concentrations of unmetabolized 
midazolam in both groups, but RRA determined levels represent- 
ing the activity of both orally administered diazepam, intrave- 
nously injected midazolam plus their active metabolites in group 
1, and those of midazolam plus its active metabolites in group 2. 


and those of Kanto et al. (19) (mean age 29 yr, range 
20-32) during cesarean section in order to deepen 
anesthesia once the baby was delivered. In the study 
of Aaltonen et al. (18) the patients in group 1 were 
undergoing hysterectomy under epidural analgesia 
(mean age 42 yr, range 35-60) and those in group 2 
were undergoing hand surgery under brachial plexus 
blockade (mean age 38 vr, range 21-70). In general, 
no important pharmacokinetic differences were seen 
between vounger (18,19) and elderly patients. The 
volume of distribution of B-phase was somewhat higher 
in the elderly, but it was clearly more increased during 
pregnancy (20). 


Discussion 


Our results show that the first water-soluble benzo- 
diazepine derivative, midazolam, is a suitable induc- 
tion agent for elderly patients. Generally, it resulted 
in smooth induction of anesthesia, but the time to 
induction was longer than is usual with thiopental. 
The condition of the patients was satisfactory during 
the perioperative and postoperative periods except for 
a transient decrease in systolic blood pressure at the 
beginning of anesthesia in a significant number of our 
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Table 1. Pharmacokinetic Parameters of Midazolam (mean 
Determination of the Drug in Serum 


Bs. Vie lion 

n Dose (hr) (Like) (hr) 

10 0.15 mg/kg 0.08 x 0.04 0.24 + 0.13 3.6 + 4.8 
IV 

7 0.15 mg/kg 0.09 + 0.03 0.22 x 0.09 wo ae 82 
IV 

6 0.075 mg/kg 5.7 * 4.6 0.41 x 0.17 i4 ox 04 
IV (min) 

8 0.075 mg/kg 10.1 + 3.4 0.39 + 0.14 105,5 x 22.3 
IV (min) (min) 

6 0.075 mg/kg 0.10 + 0.04 0.19 + 0.08 Sopas OES 
IV 

6 0.075 mg/kg 0.12 + 0.04 0.18 + 0.05 20 0.8 
Iv 
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sp) in Elderly Surgical Patients Based on GLC 


Van Cl tot 
Reference 





Present studv 


1.68 + (0.46 5.6] + 3.12 group 1 
1.59 + 0.56 4.71 x 2.73 group 2 
1.21 + 0.95 630 + 352 Sjövall et al. 


(ml/min) 1983 (20) 


2.97 + 1.31 11.50 + 3.90 Kanto et al. 
1983 (19) 
Aaltonen et al. 1984 (18) 
0.9] + 0.42 6.52 + 2:55 group | 
0.95 + 0.52 5.02 + 0.98 group 2 


unm ERRARE 


The results of three of the authors’ earlier studies are also included for comparison. 


Abbreviations: fis,, distribution phase half-life; Hag, eliminatien phase half-life; V, 


B-phase; Chos total serum clearance. 


patients. In our earlier study with flunitrazepam as 
an intravenous induction agent in the elderly, we ob- 
served the same phenomenon (3). This may be due 
to the a-blocking property of the previously admin- 
istered intravenous droperidol or, more likely. to a 
peripheral vasodilatator effect, possibly due to his- 
tamine release caused by benzodiazepines (21), or to 
cardiac output depression. Midazolam produces light 
sedation requiring powerful premedication (15), and 
hence the third possibility is an interaction between 
our premedication and midazolam. It may be possible 
to avoid hypotension by giving midazolam in small 
intravenous increments according to the patient's re- 
sponse. In this study, however, a fixed dose was used 
because of the pharmacokinetic nature of the study. 

In comparison with flunitrazepam (3), the main 
difference was the slight residual sedation caused by 
intravenous midazolam. Despite this, there was a high 
incidence of postoperative amnesia in the presert pa- 
tients, especially after oral diazepam premedication. 
The high combined affinity of all active benzodiaze- 
pines in serum determined by radioreceptor zssay 
may provide an explanation for the greater amnesic 
effect in patients receiving benzodiazepine pre- 
medication. 

When an amnesic effect is undesirable, oral dix- 
yrazin in the evening and intramuscular atropine plus 
meperidine are more suitable than oral diazepam as 
premedication for the elderly when midazolam is to 
be used for induction of anesthesia. The amnesic ef- 
fect of preanesthetic medication may not be desirable 


i volume of distribution of a-phase; Vi, volume of distribution of 


in every patient because it is often associated with 
loss of self-control that may be alarming (22). 

Intravenous aminophylline at the very modest dose 
of 60 mg has been reported to counteract deep di- 
azepam sedation (23-25), apparently by adenosine 
blockade of GABA-receptors in the CNS (25). In the 
present study, one patient given intravenous ami- 
nophylline, 200 mg, and subcutaneous terbutaline, 
0.25 mg, intraoperatively for treatment of broncho- 
spasm claimed to be partially awake during anes- 
thesia and experienced nightmares. With the excep- 
tion of the new enprofylline (25), methylxanthines 
probably antagonize benzodiazepine sedation, and they 
should not be used in benzodiazepine-induced 
anesthesia. 

Generally, the pharmacokinetic parameters of mid- 
azolam were comparable in the present study of el- 
derly patients with those of younger, healthier sub- 
jects published earlier by us (18-20), indicating 
pharmacodynamic alterations with advancing age as 
the explanation for greater response to midazolam. 
In young healthy patients, at least 0.30 mg/kg of mid- 
azolam should be administered intravenously to in- 
duce clinical anesthesia (15,26). In the present and in 
our earlier study (15), the same kind of premedication 
was used, but in the present study of elderly patients 
0.15 mg/kg of midazolam was found to be adequate. 

In earlier studies (27-29), the distribution volume 
of midazolam in the B-phase in the elderly has been 
shown to be somewhat higher than in younger sub- 
jects. A similar phenomenon was found in our stud- 
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ies, also (Table 1), except that pregnancy appears to 
increase this value clearly more than age does (19). 
In pregnant patients, however, no increased response 
to midazolam has been found (19,30) and, hence, the 
changed distribution volume probably does not ex- 
plain the more pronounced response of midazolam 
in the elderly. 

Binding equivalents determined by RRA tech- 
niques apparently reflect the concentrations of all ben- 
zodiazepines used plus their active metabolites, thus 
reflecting the total therapeutic activity in humans 
(16,18,30). The serum concentrations in group 2 with- 
out benzodiazepine premedication measured by RRA 
were somewhat higher than those determined by GLC 
after a single 0.15 mg/kg intravenous injection of mid- 
azolam (the difference is the active metabolites of mid- 
azolam). In one of these patients, however, traces of 
benzodiazepine activity (RRA) were found in the con- 
trol sample taken before midazolam induction. Al- 
though patients were questioned, and those admit- 
ting to previous benzodiazepine treatment were 
excluded from this study, the possibility remains that 
some patients falsely claimed no prior benzodiazepine 
treatment. In earlier studies (31), the concentration of 
the main metabolite of midazolam, 1-hydroxy- 
methylmidazolam, in the serum varied from 40 to 
100% of that of the parent drug, indicating the clinical 
importance of this metabolic product. In the present 
study, the mean area under curve (AUC) value mea- 
sured by RRA was 18% higher in group 2 without 
benzodiazepine premedication than that measured with 
GLC, apparently reflecting the amount of active me- 
tabolites of midazolam after intravenous administra- 
tion in the elderly. Thus these two methods can be 
used to separate the parent drug from its active 
metabolites. 

The half-life of 1-hydroxymethylmidazolam is ap- 
proximately 1 hr (31,32), and it would seem that nei- 
ther this nor any other metabolite extends the dura- 
tion of action of midazolam (33). The main metabolite 
is produced in higher concentrations in the first 2-3 
hr after a single intravenous injection of midazolam 
(31), reflecting the greatest difference at these times 
in the serum levels measured by RRA and GLC in 
group 2. Nevertheless, this main metabolite should 
be taken into consideration when comparing the serum 
levels and clinical effects of midazolam treatment. 

In conclusion, midazolam is a new induction agent 
suitable for use in the elderly when a slow induction 
time is acceptable in view of the benefits derived: low 
frequency of venous irritation, production of antero- 
grade amnesia, and short duration of action in com- 
parison with other benzodiazepines. Intermittent drug 
injection in accordance with the response of the pa- 
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tient also guarantees good cardiovascular and respi- 
ratory stability. Because of the pharmacodynamic al- 
terations, a reduced dose should be used in the elderly. 
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We evaluated 88 cases of hepatic injury that followed, and 
were attributed to, enflurane anesthesia. In 30 of the cases, 
data were insufficient to assess the role of enflurane vs other 
variables as causal factors. In 43 ("unlikely") patients, fac- 
tors known to produce hepatic injury were clearly present; 
in the remaining 15 ("possible"), such factors were not 
evident. No consistent pathologic change was found in liver 





specimens from either the unlikely or the possible group of 
cases. A syndrome suggested to be associated with enflur- 
ane-induced hepatic injury was present in both groups and 
did not differ between groups. We conclude that the data 
do not demonstrate a causal relationship between enflurane 
anesthesia and subsequent liver injury and that if severe 
injury is caused by enflurane anesthesia, tt is an extremely 
rare event, 

Key Words: ANESTHETICS,  voLariLE-enflurane. 
LIVER-hepatotoxicity. 
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The benefits conferred by therapeutic agents are 
sometimes offset by the injury they cause. Although 
sensitive biological assays exist to detect such injury, 
they may be inadequate if the injury produced is very 
small or rare, or if it affects one species but not an- 
other. Thalidomide represents one such example. An- 
other is the anesthetic fluroxene, which is safe in hu- 
mans but lethal in several nonprimate species (1). 

As a result, sometimes the rare injury some drugs 
produce is identifiable only by anecdotal reports of 
injury that are related temporally to the administra- 
tion of the drug in question. The existence of a large 
number of such reports may suggest a relationship, 
particularly if the associated findings are consistent 
(i.e., if a syndrome exists) and unique. 

Since the release of the halogenated inhaled an- 
esthetic enflurane in 1972, 10 reports of liver damage 
after administration of enflurane have been published 
(2-11). Reviewing these reports and other unpub- 
lished data, Lewis et al. (12) concluded that enflurane 
caused the damage in some but not all of these in- 
stances. Patients seemingly injured by enflurane often 
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had signs, symptoms, and histories reminiscent of 
halothane-induced hepatitis (e.g., chills, fever as a 
presenting sign, nausea, anorexia, rash, eosinophilia, 
and previous exposure to a halogenated anesthetic). 
Furthermore, Lewis et al. suggested that characteristic 
(but not pathognomonic) changes in liver structure 
occurred (e.g., “The hepatic lesion associated with 
enflurane toxicity is characterized primarily by cen- 
trilobular necrosis similar to that of halothane- or me- 
thoxyflurane-induced injury.") We have examined the 
material reviewed by these investigators and have 
come to different conclusions. 


Methods 


In addition to the published reports of hepatic injury 
(2-11), several unpublished reports were received by 
the US Food and Drug Administration (FDA) and by 
the Armed Forces Institute of Pathology (AFIP). In all 
instances, one or more of the attending physicians 
suggested a possible association between enflurane 
administration and subsequent liver injury. 

Our review evaluates reports from the release of 
enflurane in 1972 to January 1983. After we excluded 
duplicate material, 88 cases remained. We did not 
include an additional five patients with liver injury 
after chemotherapy and enflurane anesthesia (13). For 
30 of the 88 cases (34%), the available information was 
insufficient to permit an evaluation of the cause of 
injury, and these cases were set aside ("inadequate 
information" cases). Data for inadequate information 
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cases commonly were provided on one-half to one 
page forms (Drug Experience Report) sent to the FDA. 
The remaining 58 cases (66%) were divided into 43 
cases in which factors known to produce liver injury 
were clearly present ("unlikely' cases), and 15 cases 
in which such factors could not be discerned or in 
which the effect of such factors seemed insufficient 
to have produced the subsequent injury (""possible" 
cases). A similar approach was taken by Lewis et al. 
in their review. 

Although both possible and unlikely cases proba- 
bly were subject to reporter bias, such a bias would 
apply to both groups. We assumed that liver injury 
in the possible cases might have resulted from en- 
flurane administration, whereas injury in the unlikely 
cases probably resulted from other causes. If this as- 
sumption is correct, then a comparison of the char- 
acteristics of these two groups would reveal whether 
a syndrome was associated with liver injury in the 
possible group but not with injury in the unlikely 
group, and whether histologic abnormalities distin- 
guished the possible group. 

We examined each report for demographic data 
(e.g., age, gender); for factors said to be asscciated 
with enflurane-induced hepatitis (e.g., rash, ano- 
rexia, eosinophilia); for signs of liver injury (e.2., in- 
creased serum transaminase levels, hepatic histologic 
changes); and for conditions that might injure the 
liver directly or predispose the liver to injury (e.g., 
hypoxia, shock, congestive heart failure, alcoholism, 
exposure to known hepatotoxins, viral hepatitis. peri- 
tonitis, and septicemia). 

Slides of liver specimens were available for four 
patients in the possible group and for 12 patieats in 
the unlikely group. Two specimens also were avail- 
able for two patients in the inadequate information 
group. After the slides were coded and arranged in 
random order, they were examined independently 
and “blindly” by two of us (EAS and LDF). Eack liver 
was given a score from 0 (no injury) to 3 (maximum 
injury) based on injury to liver cells and, separately, 
on injury to liver ducts. In addition, slides for each 
liver were examined for the presence of centrilobular 
necrosis; the recentness of the injury; the preserce of 
unique changes (e.g., Mallory bodies); involvement 
of the endothelium; the presence and type of fibrosis 
(bridging, central, or portal); and the presence and 
distribution of inflammation. We also examined slides 
for the existence of a consistent lesion in either the 
possible or unlikely groups. 

The features recorded for the two groups then :vere 
compared with a two-tailed Student's t-test, Fisher's 
exact test, or Y^ analysis (without application of Yates’ 
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correction factor). We accepted a P value of less than 
0.05 as significant. To avoid a type II error (i.e., a B 
error), we did not apply a Bonferroni correction de- 
spite the multiple comparisons made (14). Agreement 
between EAS and LDF in “blinded” evaluations of 
tissues was analyzed using a « or uniform weighted 
Kk (15). 

Finally, we devised a "syndrome score" from the 
suggestions made by Lewis et al. (12) and from H. J. 
Zimmerman (personal communication). Each report 
was examined for 12 variables: 


l. prior anesthesia with a halogenated anesthetic, 

2. fever as a presenting sign, 

3. chills, 

4. nausea, 

5. anorexia, 

6. rash, 

7. eosinophilia, 

8. an observation of jaundice by the attending 
phvsicians, 

9. a total bilirubin level exceeding 2.5 mg/dl, 

10. a value for serum glutamic-oxaloacetic transami- 
nase (5GOT) above 370 IU (i.e., more than ten 
times the upper limit of the normal range), 

11. the presence of centrilobular necrosis, 

12. death of the patient. 


Each positive item was given a score of 1; then the 
sum of the positive items was divided by the total 
number of variables for which data were available. A 
syndrome score was thus derived for each patient. 
For example, à surviving patient might have had a 
previous anesthesia with a halogenated anesthetic, 
fever as a presenting sign, jaundice, a bilirubin level 
of 6.8 mg/dl, and an SGOT level of 550 IU, but no 
nausea, anorexia, or eosinophilia; information might 
not have been available regarding the presence of 
chills, rash, or centrilobular necrosis. Thus the syn- 
drome score would have been 5/9 or 0.56. 

The average scores of the possible and unlikely 
groups were compared using Student's t-test. No at- 
tempt was made to weight individual items (e.g., the 
occurrences of rash, eosinophilia, or an SGOT value 
ten times higher than normal were all given one point). 
Thus the scoring system emphasized liver damage, 
that is, jaundice, the bilirubin value, the SGOT value, 
and centrilobular necrosis constitute a third of the 
score items but clearly are not independent variables. 


Results 


Ten differences existed between the possible and un- 
likely groups (Table 1). The patients in the possible 


LIVER DAMAGE AFTER ENFLURANE ANESTHESIA ANESTH ANALG 23 


1986;65:21-30 
Table 1. Enflurane-Induced Liver Injury: Characteristics of the Possible and Unlikely Groups 
Possible group Unlikely group 
Variable n Value or % SEM n Value or % SEM tor x? P 
Age (yr) 15 40.9 4.8 43 55.8 2.4 2.79 0.01 
Women 15 60% — 43 37% — 2.36 NS 
Minutes of anesthesia 15 159 28 43 127 13 1.05 NS 
Narcotic given during anesthesia 14 86% — 27 74% — 0.73 NS 
History of allergy 11 64% — 27 33% — 2.94 NS 
Prior exposure to halogenated anesthetic 13 77% — 31 48% 3.04 NS 
Days to onset of symptoms 15 2.7 0.9 42 6.7 1.4 2.50 0.02 
Fever as a presenting sign 15 60% — 41 61% — 0.00 NS 
Peak temperature C} 13 38.6 0.2 30 39.3 0.1 2.45 0.02 
Jaundice 15 67% — 42 6796 — 0.00 NS 
Eosinophilia 14 2996 — 28 21% — 0.26 NS 
Peak eosinophil count (96) 11 4.2 1.1 22 6.1 2.5 0.73 NS 
Rash 11 9% — 24 13% 0.09 NS 
Chills 9 44% — 25 16% — 2.98 NS 
Nausea 10 9096 — 29 55% — 3.92 0.057 
Anorexia 13 100% — 31 77% — 3.49 NS* 
Diarrhea 9 22% — 28 14% — 0.32 NS 
Encephalopathy 13 15% — 35 46% — 3.72 0.04* 
Renal failure 15 7% — 40 4096 — 5.68 0.025 
Peak SGOT (IU) 15 794 250 39 1643 479 157 NS 
Log peak SGOT* 15 2.74 0.09 39 2.70 0.11 0.27 NS 
Patients with SGOT > 370 IU 15 73% — 39 49% — 2.66 NS 
Peak LDH (IU) 9 628 110 33 1446 355 2.20 0.05 
Log peak LDH 9 2.80 0.07 33 2.84 0.09 0.81 NS 
Patients with LDH > 1490 9 0% — 33 30% — 3.58 NS‘ 
Peak SGPT (IU) 12 1032 238 16 1169 413 0.29 NS 
Log peak SGPT 12 2.82 0.16 16 2.70 0.15 0.53 NS 
Peak alkaline phosphatase 11 260 45 36 332 54 1.02 NS 
Log alkaline phosphatase 11 2.32 0.10 36 2.39 0.05 0.61 NS 
Peak bilirubin (mg/dL) 13 9.4 2.8 38 11.8 241 0.70 NS 
Log bilirubin 13 0.73 0.14 38 0.84 0.08 0.69 NS 
Patients with bilirubin > 2.5 mg/dl 13 69% — 38 76% — 0.26 NS 
Obese 13 46% — 33 61% — 0,79 NS 
Major cavity surgery 15 20% — 43 65% — 9.10 0.005 
History of hypertension 15 13% — 35 3496 — 2.29 NS 
Postoperative hypotension 13 23% — 34 41% — 1.33 NS 
Postoperative congestive failure 15 0% — 32 34% — 6.73 0.01 
Postoperative hypoxia 13 3396 — 34 7996 — 8.57 0.005 
Anemia 12 17% — 32 4496 — 2.77 NS 
Low hemoglobin (g/dl) 9 11.5 0.6 28 10.7 0.4 1.19 NS 
- Transfusion 15 3396 — 39 5496 — 1.83 NS 
Number of units 14 1.2 0.9 36 3.4 0.9 1.81 NS 
Infection 13 3196 — 36 61% 3.53 NS 
Centrilobular necrosis 3 33% — 19 79% — 2.72 NS 
Died 15 13% — 41 34% — 2.33 NS 


Abbreviations: NS, not significant; SGOT, serum glutamic-oxaloacetic transaminase; LDH, lactic dehydrogenase; SGPT, serum glutamic-pyruvic 
transaminase. 

*Fisher's exact test. 

*Log values are also given because of the skewed nature of the data. 


group were younger and displayed symptoms sooner. perature and lactic dehydrogenase (LDH) were lower 
Nausea occurred more frequently in this group; and for the possible group. 

encephalopathy, renal failure, congestive heart fail- No comparison of individual items revealed sig- 
ure, hypoxia, and surgery involving a major cavity nificant differences between the possible and unlikely 
occurred less frequently. Also, values for peak tem- groups regarding the variables examined histologi- 
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Figure 1. Illustration of the inconsistent appearance of liver injury. 
Specimens of liver were obtained from four of the probable cases 
of enflurane-induced hepatitis. (A) and (B) show tissue ebtained 
at autopsy, whereas (C) and (D) show tissue obtained bv needle 
biopsies. (A) [Lewis et al., (12) FDA Case #6] reveals acute massive 
necrosis with only rare cells remaining around the portal tract (note 
artery of portal tract in upper right portion of figure) ( x 25). (B) 
[Lewis et al., (12) AFIP Case #4] also shows massive necrcsis now 
replaced by extensive scarring, most prominent in the central ve- 
nous regions. Fibrosis extends into portal tracts (lower rigat), and 
regeneration is suggested by the tubular or “glandular” changes 
of hepatocytes ( x 125). (C) [Kline (8)] shows marked monenucleer 
inflammatory infiltration of portal tracts (center) and pareachvma 
reminiscent of acute viral hepatitis. Occasional liver cell necrosis 
without localization to the central venous areas is seen (upper right 
and left) ( x 200). (D) [Lewis et al., (12) FDA Case #1] shows a mild 
portal tract inflammatory infiltrate with neither piecemeal nor sig- 
nificant parenchymal necrosis ( x 200). A rare acidophilic bedv was 
noted (not shown). These figures illustrate the variable nature cf 
the injury to the liver and the absence of a consistent or charac- 
teristic picture of liver injury after enflurane anesthesia in the prob- 
able group. 
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cally, and no trend distinguished one group from the 
other. (The maximum t value was 0.78 for a compar- 
ison of the average score of injury to liver ducts: the 
average score in the unlikely group was 0.86, whereas 
that in the possible group was 0.61. The maximum y? 
value was 0.95 when the two groups were compared 
regarding percentage of cases showing inflammatory 
cells: 94% in the possible group was 78% in the un- 
likely group.) For example, necrosis scores for two of 
the four livers in the possible group were 1.5 or less, 
and scores for six of the 12 livers in the unlikely group 
were 1.5 or less (the mean score for the possible group 
was 1.5; and for the unlikely group, 1.8). Both groups 
had diverse manifestations of the degree and type of 
injury (Fig. 1). Agreement between the evaluations 
of EAS and LDF was reasonable. For example, for the 
overall degree of liver injury, the weighted agreement 
was 0.8, the weighted x estimate 0.45, and P = 0.0005, 
indicating good agreement. For the classification of 
centrilobular necrosis, the raw agreement was 0.89, 
the kappa estimate 0.80, and P « 0.0001, indicating 
excellent agreement. 
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The syndrome score for the possible group was 
0.566 + 0.025 (mean + SEM) and was not significantly 
different from the score of 0.523 + 0.032 for the un- 
likely group. Given the variability found for the two 
groups, the difference that occurred would be signif- 
icant if each group consisted of about 300 patients. 
Alternatively, if the sample sizes were unchanged, 
detection of a significant difference with a power in 
excess of 0.8 would require a difference of 0.167. 


Discussion 


The rarity of severe liver damage after anesthesia with 
modern halogenated anesthetics makes a prospective 
randomized investigation of their relationship to liver 
damage economically infeasible. The estimated inci- 
dence of less than one in 10,000 for liver necrosis after 
halothane (16) means that a precise estimate of the 
incidence might require the collection of at least 30,000 
cases. If, as suggested by Lewis et al. (12), the inci- 
dence is less with enflurane, then a still larger sample 
would be needed. 

Even so, the determination of such an estimate 
would not reveal whether these injuries were attrib- 
utable to enflurane itself or to other perioperative fac- 
tors. The relative incidence of injury could be defined 
by a cohort study, that is, by the use of a comparison 
group (e.g., a group of patients anesthetized with 
halothane or with nitrous oxide—narcotic). If, how- 
ever, the injury were very rare (e.g., one per 100,000), 
the demonstration of a doubling of such an incidence 
secondary to the use of enflurane could require the 
collection of data on more than one million patients. 

A more feasible approach is represented by the 
case-control study, which collects data on all patients 
having unexplained postoperative hepatic dysfunc- 
tion. These data then are examined for their associ- 
ation with administration of a particular anesthetic 
(i.e., enflurane vs no enflurane). Case-control studies 
of 200 cases and 200 controls would allow for detection 
of the doubling of risk (17,18). After ten years of use 
of enflurane, only 88 cases had been reported; there- 
fore, an additional ten years might be necessary to 
acquire the requisite number. Even so, such a study 
would only demonstrate the hepatotoxicity of enflur- 
ane if the incidence of hepatic injury were signifi- 
cantly higher for patients given enflurane. The ab- 
sence of a difference would not rule out the possibility 
that enflurane injures the liver: enflurane and the 
comparison agents might be equally toxic. Indeed, 
even the finding of a lower incidence in patients anes- 
thetized with enflurane would only indicate that en- 
flurane was less hepatotoxic than the anesthetics with 
which it was being compared. Furthermore, if en- 
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flurane is not a hepatotoxin, it is not possible to prove 
such an absence of toxicity [e.g., one cannot disprove 
the existence of dragons (19)]. 

And so we turn to volunteered reports such as 
those used in this analysis. Although this method of 
evaluating toxicity has been touted as being both ef- 
fective and economical (20), it also has severe limi- 
tations. Some of these limitations were discussed in 
the preceding two paragraphs. In addition, the ab- 
sence of a control group eliminates any scientific cred- 
ibility concerning the definition of an association. 

Some insights result from our examination of the 
anecdotal reports of enflurane-induced hepatitis. First, 
if enflurane causes liver injury, that injury does not 
consistently result in centrilobular necrosis, as sug- 
gested by Lewis et al. (12) (Fig. 1). The absence of a 
characteristic lesion suggests that either enflurane does 
not induce injury or that the appearance of the lesion 
is determined by multiple factors. | 

Second, a comparison of the characteristics of in- 
dividuals in the possible and unlikely groups does 
not reveal differences that suggest enflurane is a 
hepatotoxin. 

Third, the comparison of syndrome scores reveals 
no significant difference. Presuming that enflurane- 
induced liver injury in the possible group, whereas 
injury resulted from other causes in the unlikely group, 
the absence of a significant difference between the 
two groups calls into question the existence of the 
syndrome offered by Lewis et al. This presumption 
may be incorrect. Perhaps enflurane caused the he- 
patic injury in both the possible and the unlikely 
groups. In that case, the relatively high syndrome 
scores for each group (see the fourth point, below) 
would support the argument for a hepatotoxic effect 
of enflurane. However, this line of reasoning requires 
that we discount the alternative causes of injury to 
the liver suggested for the unlikely group. For ex- 
ample, we would have to discount the documented 
invasion of the liver by herpes virus that occurred in 
one of the unlikely patients (see Table 2 for other 
examples). We and Lewis et al. (investigators with 
clearly opposing biases) agree that the hepatic injury 
in the majority of the unlikely patients was attribut- 
able to causes other than enflurane. 

Fourth, these data suggest that a reporter bias ex- 
ists because of our present perception of halothane- 
induced hepatitis. Note that the patients in the un- 
likely group had a syndrome score of 0.522 (i.e., the 
average individual in this group had 52.2% of the 
syndrome characteristics). Our clinical impression is 
that the average patient undergoing anesthesia and 
surgery does not have this high a syndrome score. 

We believe that these cases were reported because 
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Table 2. Rationale for Our Exclusion of 11 Cases Believed by Lewis et al. 


Injury“ 





Reference 








Ona et al. (7) 
alcoholism. 
White et al. (10) 


ics tomatic ÁREA c ONY ERR ER 


Congestive heart failure after cardiopulmonary bypass (pump time, 136 min) for triple-valve disease 
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(12) to Represent Enflurane-Induced Liver 


mmni ur rer at rete eorr aaa 


pe apes tee Aa aate T Tr S Mar raa aaa e re He Pie m tet ert tr iri ntn rm Masc queer rernm 


raa ra a TT a IT HT T ta T atte rii i e rir ra tmr items amm mimm 


Abnormal serum transaminase level prior to anesthesia; evidence of hemolysis and sepsis; evidence of 


in which six 


units of whole blood, six units of plasma, and four units of platelets were given. 


AFIP Case #1 
AFIP Case #2 
AFIP Case #3 


Sepsis, hypoxemia, hypotension. 


a pelvic abscess ( 
FDA Case #2 Insufficient data (half-page FDA form). 
FDA Case #3 

blood; hyperalimentation. 
FDA Case #4 
FDA Case #9 
FDA Case #10 


Symptom onse 


antigen, 
FDA Case #12 


FDA Case #13 Insufficient data. 


Jaundice and increased serum transaminase levels preceded surgery; anesthesia wit 
postoperative dev 16) also was followed by increased serum transaminases, 


Peritonitis, septicemia (positive bloed cultures), adult respiratory distress syndrome, and shock. 


hout enflurane for drainage of 


Peritonitis with subphrenic and suEhepatic abscesses, septicemia; shock; anemia; transfusion of two units of 
t three weeks after sargerv; congestive heart failure; cardiogenic shock; cardiac arrest. 
Symptom onset 31 days after surgery, tor which two units of blood were used. 


Insufficient data; the record appears to suggest possible liver injurv prior to surgery with positive hepatitis B 


Prior diagnosis of cirrhosis; perioperative hypotension and hypoxemia, 
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Listed as they appeared in Lewis et al. (12) 


their features were consistent with the syndrome as- 
sociated with halothane-induced hepatitis. That is, 
those reporting these cases reasoned that enf urane 
and halothane exerted an analogous effect on the liver. 
Clearly, halothane and enflurane have similar char- 
acteristics. Both compounds are halogenated with flu- 
orine and chlorine. Both are potent inhaled anes- 
thetics that can produce profound cardiorespiratory 
depression. Also, both have similar pharmacokinetic 
characteristics. 

But proof by analogy is the weakest way of dem- 
onstrating an association (21). The argument is weak- 
ened further by the tenuousness of the evidence of 
halothane-induced hepatitis. Venning (22) notes that 
the concerns expressed about halothane took 13-19 
years to support. In addition, Venning classifies that 


evidence as being extremely weak. It is difficult to 
differentiate halothane-induced hepatitis from viral 


hepatitis (16). These observations are not intended to 
suggest that we believe that halothane is not hepa- 
totoxic in rare patients. However, the weakness of the 
evidence for halothane makes any link with enflirane 
questionable. 

The argument by analogy also founders because 
enflurane is basically different from halothane in 
properties thought important to hepatotoxicity. A 
current theory of halothane hepatotoxicity holds that 
liver injury results from halothane biodegradation: 
the metabolites of halothane either attack liver cells 
directly (23-27) or cause injury indirectly by inducing 
an allergic response (28,29). If this theory is correct, 
then enflurane would be unlikely to cause injury in 


the same manner as halothane. Fifteen to 20% of the 
halothane taken up by a human being can be re- 
covered as urinary metabolites (30), whereas only 2.4% 
of the enflurane taken up can be recovered as urinary 
metabolites (31). Halothane undergoes reductive me- 
tabolism (23-27), but enflurane does not (32). Reduc- 
tive metabolism of halothane produces free radicals, 
whereas under the same conditions, no free radicals 
are produced from enflurane (33). Halothane is bro- 
ken down to toxic compounds by soda lime (34,35) 
or ultraviolet light (36), but enflurane is not (37). Thus 
there are few, if any, parallels in the metabolism of 
halothane and enflurane. If no parallels exist for this 
postulated mechanism of halothane-induced hepati- 
tis, why should one exist regarding a syndrome? 

As noted previously, one theory of anesthetic- 
induced liver injury holds that such injury results 
from sensitization either to the anesthetic itself (a very 
unlikely occurrence) or to a reactive metabolite of the 
anesthetic that acts as a hapten. If this theory is cor- 
rect, the incidence of injury should increase with re- 
peated exposure to anesthesia (especially the third or 
fourth exposure). Such appears to be the case with 
halothane but not with enflurane (38,39). The theory 
also would predict an increase in the incidence of 
injury several years after the commercial release of an 
anesthetic, because repeated exposures to the anes- 
thetic would become more frequent several years after 
release. Again, this appears to be the case with halo- 
thane but not with enflurane (Fig. 2). 

The incidence of reported cases of hepatic injury 
after enflurane actually has decreased because the 
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Figure 2. Total reported cases from release of halothane or en- 
flurane to date of liver injury or jaundice. The number of published 
reports of hepatic injury after halothane anesthesia dramatically 
increased about five years after the introduction of halothane (6) 
into clinical practice. No such upturn has appeared in the 11-year 
period following the release of enflurane (^ and O). The halothane 
data are taken from Zimmerman (39), whereas the enflurane data 
are taken from references (2-11) and from the Food and Drug 
Administration and the Armed Forces Institute of Pathology. 


number of reported cases has not increased in pro- 
portion to the increase in use of enflurane. Thus for 
the period from 1972 to 1978, 46 cases were reported 
and 18.0 million anesthetics were given, for an inci- 
dence of 2.6 cases per million anesthetics. For the 
period from 1979 to 1982, 38 cases were reported and 
25.1 million anesthetics given, for an incidence of 1.5 
cases per million anesthetics. Similarly, no significant 
increase in the incidence is seen if only unexplained 
(possible) cases are examined: for the period from 
1972 to 1978, the incidence was 0.33 cases per million 
anesthetics; whereas for the period from 1979 to 1982, 
the incidence was 0.36 cases per million. 
Examination of patients for the 12 syndrome vari- 
ables did not reveal a significant difference between 
the possible and the unlikely groups. This is not sur- 
prising, because the average incidence was higher in 
the unlikely group for five of the 12 variables (fever 
as a presenting sign, rash, bilirubin level higher than 
2.5 mg/dl, centrilobular necrosis, and death), and for 
one item (jaundice observed by the attending phy- 
sician) there was no difference between the groups. 
However, the selection of certain variables from 
Table 1 easily permits the construction of syndromes 
that significantly favor either the unlikely or the pos- 
sible group. For example, the unlikely group would 
score significantly higher (P « 0.001) if the syndrome 
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items consisted of the following: peak temperature 
greater than 40*C; the presence of renal failure; an 
LDH value more than ten times (1490 IU) the normal 
value; major cavity surgery; congestive heart failure; 
hypoxia; evidence of infection; and centrilobular ne- 
crosis. The possible group would score significantly 
higher (P « 0.001) if the syndrome variables consisted 
of the following: female gender; a history of allergy; 
prior anesthesia with a halogenated anesthetic; symp- 
toms within five days; an SGOT value more than ten 
times (370 IU) the normal value; nausea; and chills. 
ouch a retrospective examination may be used to con- 
struct a study that would evaluate factors that might 
predict the development of injury to the liver with 
enflurane. But such an examination cannot legiti- 
mately be applied to the present data to make such 
a determination. 

Although we examined the same material, our con- 
clusions differed from those of Lewis et al. We had 
access to eight more cases; that difference, however, 
is probably inconsequential. We also differed in our 
assessment of the number of patients whose liver in- 
jury was unexplained and therefore possibly caused 
by enflurane. Lewis et al. selected 24 cases, whereas 
we selected only 15. We agreed with Lewis et al. 
regarding 13 of the cases selected, but disagreed on 
11. Of the 11, three had too little information to allow 
us to form a judgment. We excluded the remaining 
eight patients for one of two reasons: other causes of 
liver injury seemed apparent or we applied criteria 
previously suggested by one of Lewis' coauthors. For 
example, Zimmerman wrote: “Rarely (5 percent of 
patients) more than three weeks elapses between the 
surgical procedure and the appearance of jaundice, 
an interval so long as to make such cases diagnosti- 
cally suspect" (40). Two of the eight patients dem- 
onstrated the first signs of liver injury 20 or more days 
after anesthesia. The patient listed by Lewis et al. as 
FDA Case £8 demonstrated such signs 31 days after 
surgery. Our rationale for excluding the 11 cases in- 
cluded by Lewis et al. is given in Table 2. 

The data we assembled allow us to estimate the 
minimum incidence of unexplained liver injury after 
enflurane anesthesia. Anaquest (the manufacturer of 
enflurane) estimates that approximately 43.1 million 
anesthesias were given with enflurane in the period 
from 1972 through 1982. This estimate and the 15 
unexplained cases of injury represent a minimum in- 
cidence of one per 2.9 million enflurane anesthetics. 
The true incidence is clearly higher. A closer approx- 
imation may be obtained if we confine our estimate 
to unexplained cases of severe injury or death. An 
instance of severe unexplained injury is more likely 
to be published or brought to the attention of the FDA 
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(usually through a report to the drug manufacturer) 
or the AFIP. 

The greater likelihood of reporting is suggested from 
the data accumulated in the National Halothane Study 
(16). Of the seven cases of severe unexplained injury 
(hepatic necrosis and death) reported to follew the 
administration of halothane, six were known Ge., 
had been reported) prior to the initiation of the study. 
In the present series, there were six cases of severe 
unexplained injury (including two deaths), for an in- 
cidence of 0.14 cases per million enflurane anes- 
thetics. Parallel data from the National Halothane Study 
consist of seven cases after an estimated 254,896 
administrations, for an incidence of 27.5 cases per 
million halothane anesthetics. That is, the estimate of 
the incidence for halothane-induced injury is more 
than 200 times greater than the estimate for enf urane- 
induced injury. Furthermore, the incidence fcr halo- 
thane is underestimated, because it is based on au- 
topsy examination: only 60.4% of the patien:s who 
died underwent abdominal necropsy; and, im addi- 
tion, no estimate could be made regarding the number 
of patients who had severe injury but survived. 

Perhaps at issue is the question, “How many an- 
ecdotal cases of unexplained liver injury would be 
required to document a causal relationship ¢an as- 
sociation) between the administration of enflurane and 
injury?" No number of anecdotal cases can prove an 
association in the absence of a comparison group. The 
incidence of anecdotal cases may be no greater than 
the incidence that would appear in the absence of 
enflurane. Furthermore, there is no feasible wav of 
defining that baseline (some anesthetic would have 
to be substituted for enflurane, and it could be argued 
that the substituted anesthetic altered the natural in- 
cidence). Therefore, we cannot determine whether 
anecdotal reports show an association. 

If enflurane is not a hepatotoxin, how thea may 
we account for the possible cases? Although no con- 
clusive answer can be supplied, it should be noted 
that anesthesia and surgery themselves can stress the 
liver. Some anesthetic agents are not commonly 
thought of as hepatotoxins, yet evidence pomts to 
them as being as likely as, or more likely than, en- 
flurane to injure the liver or to predispose to injury. 
Thiopental (41-45), nitrous oxide (46-49), and nar- 
cotics (45,50) are examples of such agents. All patients 
in the possible group were given nitrous oxide, 73% 
were given a barbiturate for induction of anesthesia, 
and 80% were given a narcotic perioperative'v. Fi- 
nally, non-A, non-B hepatitis clearly is a major po- 
tential cause of unexplained postoperative liver injury 
(51), and hepatitis B virus can be present in the livers 
of patients who have negative serum tests for hepa- 
titis B surface antigen (52). The authors of the latter 
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investigation suggest that "multiplication of HBV 
(hepatitis B virus) may occur in the absence of any 
conventional serologic marker for HBV.” Non-A, non- 
B hepatitis was involved in at least one case of peri- 
operative liver injury in which enflurane was sug- 
gested as a possible causal factor (6). 

The natural incidence of non-A, non-B hepatitis 
may contound any study of the incidence of hepatitis 
secondary to the administration of enflurane. As noted 
above, the incidence of hepatitis secondary to en- 
flurane probably is extremely low. In contrast, the 
incidence of non-A, non-B hepatitis in patients 
undergoing surgery who do not receive blood is rel- 
atively high. Stevens et al. (53) found that 41 of 1235 
such patients (3.3%) developed non-A, non-B hepa- 
titis. Given this background “noise,” it would be dif- 
ficult to define the impact of a factor that added one 
patient in tens or hundreds of thousands of patients. 

What can we conclude? First, in the rare patient, 
unexplained severe liver damage follows enflurane 
anesthesia. Lewis et al. suggest that this demonstrates 
a causal relationship. Furthermore, such reports might 
represent the tip of an iceberg. We argue that the 
known incidence is far too small to suggest an asso- 
cation and that other causes cannot be excluded. 

Second, we agree with Lewis et al. that if enflurane 
is a hepatotoxin, its toxicity is far less than that at- 
tributed to halothane. 

Third, a mechanism by which enflurane might act 
as a hepatotoxin is difficult to describe and to support 
with experimental evidence. 

Fourth, we believe that no specific histologic pic- 
ture exists in the patient who develops hepatitis after 
enflurane anesthesia. If centrilobular necrosis is ap- 
propriate as a designation of this type of injury, it is 
not evident in the available material. However, our 
failure to find a consistent histologic picture might be 
the result of a sampling or timing error. 

Fifth, we do not find valid evidence fora syndrome 
similar to that which supposedly exists for halothane- 
induced hepatitis. 

Why do we insist on better proof before a causal 
relationship is declared? One concern is that the in- 
appropriate assertion of a causal relationship impugns 
the reputation and may decrease the application of a 
useful therapeutic agent. That is, it may deny the use 
of enflurane in patients in whom it would be an op- 
timal agent. A second concern is that the acceptance 
of a causal relationship provides a reason to stop look- 
ing for other causes. 
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Severe Preeclampsia: 


Hemodynamic Effects of Lumbar Epidural Anesthesia 


Lars R. Newsome, MD, Roderick 5. Bramwell, Mp, and Patrick E. Curling, MD 





NEWSOME LR, BRAMWELL RS, CURLING PE. Severe 
preeclampsia: hemodynamic effects of lumbar epidural 
anesthesia. Anesth Analg 1986;65:31-6. 


The hemodynamic effects of lumbar epidural anesthesia (LEA) 
were evaluated in 11 patients with severe preeclampsia, All 
patients were receiving magnesium sulfate upon entry into 
the study. Hemodynamic measurements were obtained be- 
fore and after LEA, at deltvery, and 2 hr postpartum. Lum- 
bar epidural anesthesia significantly reduced mean arterial 
pressure from 121.4 mm Hg to 97.7 mm Hg, without al- 
tering cardiac index, pulmonary vascular resistance, central 
venous pressure (CVP), or pulmonary capillary wedge pres- 
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Preeclampsia continues to represent a significant cause 
of morbidity and mortality in 5-10% of all pregnancies 
(1). The pathophysiology of preeclampsia can involve 
virtually every organ system, and in extreme cases 
cardiac decompensation may occur (2,3). Several clin- 
ical reports citing the hemodynamic profiles of se- 
verely preeclamptic patients vary considerably in the 
type of anesthesia employed and in the use of vas- 
oactive medications prior to invasive hemodynamic 
determinations (2-7). In the present study we ex- 
amined the hemodynamic effects of lumbar epidural 
anesthesia (LEA) in severe preeclamptic patients not 
receiving vasodilator treatment. 


Materials and Methods 


After obtaining approval from the Human Investi- 
gations Committee (HIC), peripartum hemodynamic 
measurements were collected in eleven patients with 
severe preeclampsia as defined by the criteria of the 
American College of Obstetricians and Gynecologists 
(8). All patients were monitored with a lead H elec- 
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sure (PCWP). There was à slight but statistically insignif- 
icant decrecse in systemic vascular resistance from 1078 to 
900.7 dynesseccm *. Cardiac index and left ventricular 
stroke work index were elevated in these patients, suggesting 
hyperdynaruc left ventricular function. There was poor cor- 
relation between PCWP and CVP in several patients. We 
conclude that LEA may be used safely in severe preeclamptic 
patients and that pulmonary arterial catheters may help 
guide apprepriate therapy in preeclamptic patients with car- 
diac failure or oliguria refractory to modest fluid challenges. 


Key Words: ANESTHESIA—obstetric. ANESTHE- 
TIC TECHNIQUES-—epidural. 


trocardiogram, a Foley catheter to measure urinary 
output, a 20-gauge percutaneous radial artery cath- 
eter, and an Edwards model 93A-131H-7F heparin- 
coated flow-directed pulmonary artery catheter in- 
serted via the basilic (n = 7) or femoral vein (n = 4). 
(The HIC believed that this patient population would 
be more tolerant of peripheral venipunctures.) Hemo- 
dynamic measurements included systemic and pul- 
monary artery systolic and diastolic pressures, cardiac 
output, central venous pressures (CVP), and pul- 
monary capillary wedge pressures (PCWP). Cardiac 
indices (CI) and pulmonary and systemic vascular re- 
sistances (PVR and SVR) were calculated. Intravas- 
cular pressures were measured with Statham trans- 
ducers, and cardiac output (CO) determinations were 
performed in triplicate via the thermodilution method. 
All measurements were obtained in the interval be- 
tween contractions with the patients positioned in the 
lefi lateral tilt position. All patients received LEA after 
verification of normal coagulation profiles and after 
intravenous administration of up to 1000 cc of lactated 
Ringer's solution to maintain the PCWP between 8 
and 12 mm Hg. The six patients who delivered va- 
ginally received 5-10 ml of bupivacaine, 0.125%, with- 
out epinephrine for analgesia. The five patients who 
underwent cesarean section received 18-25 ml of bu- 
pivacaine, 0.5%, without epinephrine to provide loss 
of sensation to the T4—T6 sensory level. All patients 
were receiving MgSO; infusions at a rate of 1 g.hr ! 
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Gestational 

Patient Maternal age MAP HR 

number age (yr) (weeks) mm Hg (beats/rain}) Hgb 
4 20 43 125 103 13.2 
2 21 — 119 119 — 
a 19 41 130 136 — 
4 16 37 113 106 11.8 
a 14 39 136 120 — 
6" 16 41 120 113 12. 
fig 16 39 120 108 13. 
8" 30 29 126 126 13. 
9 28 35 120 80 12. 
10" 24 35 115 72 — 


1] 19 — 112 123 — 


Platelet — Apgar Apgar 
count scores scores 
Mode of x after after 
Het — delivery Le 1 min 5 min Proteinuria 

39.2 Cesarean 206 8 9 1+ 
36 Vaginal 130 6 8 — 
41.2 Vaginal 195 8 9 34 
35.0 | Vaginal 295 8 8 2+ 
36 Cesarean 102 8 9 2+ 
37.6 Vaginal 183 8 8 34 
41 Vaginal 185 4 9 4+ 
39.3 Cesarean 134 4 8 24 
35.1 Vaginal 107 3 8 4 + 
33.9 Cesarean 252 8 9 2+ 
— Cesarean 136 6 9 — 
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Figure 1. Hemodynamic data from severely preeclamptic patients 
at control (C), after lumbar epidural anesthesia (LEA), at deliv ery 
(D), and 2 hr postpartum (PP). Data expressed as mean + SEM. 
Statistical significance designated by "(P = 0.05) 


after an intravenous loading dose of 4 g given over 5 
min. None of the patients received additional vaso- 
dilator therapy prior to initial hemodynamic deter- 
minations. Seven patients received hydralazine, 5-10 
mg intravenously, after LEA, post partum (PT), or 
both, for blood pressure control. Hemodynamic mea- 
surements were obtained before (C), and after LEA, 
at delivery (D), and 2 hr PP. Urinary output was main- 
tained at 0.5 ml-kg~ \ 
PCWP between 8-121 mm HG when necessary. There 
were no complications associated with the use of the 
iud artery FOIE All newborn infan:s had 


C LEA D PP 
Mean + SEM 


Figure 2. Hemodynamic data from severely preeclamptic patients 
at control (C), after lumbar epidural anesthesia (LEA), at delivery 
(D), and 2 hr postpartum (PP). Data expressed as mean + SEM. 
Statistical significance designated by *(P x 0.05) 


Statistics 


Results are expressed as mean + SEM. The signifi- 
cance of differences from control values was deter- 
mined by analysis of variance with TURCY'S method 
of multiple comparisons, assuming P « 0.05 to be 
statistically significant (9). Regression analysis for the 
correlation of CVP and PCWP during the peripartum 
period was also performed (10). 


Results 


The mean age of the severely preeclamptic patients 
was 20 vr (range 14-30), and the mean gestational age 
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Figure 3. Hemodynamic data from severely preeclamptic patients 
at control (C), after lumbar epidural anesthesia (LEA), at delivery 
(D), and 2 hr postpartum (PP). Data expressed as mean SEM. 
Statistical significance designated bv *(P < 0.05) 


in weeks was 37 (range 29-43). Individual patient data 
and laboratory results of the severe preeclamptic pa- 
tients are presented in Table 1. 

Mean cardiac index prior to LEA was 5.0 L-min n 
and did not change after LEA, after deliverv, or in 
the postpartum period (Fig. 1). Mean arterial pressure 
(MAP) was significantly reduced from 120 mm Hg to 
97 mm Hg with the institution of LEA, and it re- 
mained in that range until the postpartum period (Fig. 
2). Systemic vascular resistance was within normal 
limits prior to LEA, with a mean value of 1078 
dynessseccm ` *. Lumbar epidural anesthesia resulted 
in a slight (statistically insignificant) decrease in SVR 
(900.7 dynes.seccm ' ^) that persisted throughout the 
delivery period (Fig. 3). Both MAP and SVR returned 
toward control values in the postpartum period. Pul- 
monary vascular resistance was normal before LEA 
(62 dynessseccm ^?) and was not affected by LEA, de- 
livery, or in the postpartum period (Fig. 4). There 
were no statistically significant changes in PCWP or 
CVP during the four measured intervals. 

Regression analysis for the correlation of CVP with 
PCWP in the peripartum period showed poor corre- 
lation between these variables. Four patients showed 
extremely poor correlation with correlation coeffi- 
cients of — 0.13, 0.06, 0.29, and — 0.84. The dispersion 
of data points around the individual regression lines 
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Figure 4. Hemodynamic data from severely preeclamptic patients 
at control (C), after lumbar epidural anesthesia (LEA), at delivery 
(D), and 2 hr postpartum (PP). Data expressed as mean + SEM. 
Statistical significance designated by *(P = 0.05) 
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Figure 5. Regression lines and correlation coefficients for 11 pa- 
tients with severe preeclampsia. PCWP and CVP were poorly cor- 
related in several patients, and the dispersion of data around in- 
dividual regression lines was large. 


was large in these patients, again illustrating poor 
correlation between these variables (Fig. 5). 

Seven patients had hyperdynamic left ventricular 
function compared to normal, nonpregnant patients. 
However, two patients had depressed left ventricular 
function. One of these patients was admitted to our 
hospital with pulmonary edema. After initially im- 


34 ANESTH ANALG 
1986;65:31-6 


NEWSOME ET AL. 


Table 2. Hemodynamic Profile of a Severe Preeclamptic Patient with Pulmonary Edema 





C LEA. 
MAP (mm Hg) 130 vie 
CO (L/min) 6.0 7.8 
SVR (dynesseccm `’) 1600 785 
PCWP (mm Hg) 19 17 
CVP (mm Hg) 7 2 





ʻAfterload reduction therapy with intravenous hydralazine iastituted, 








D 2hr PP 10 hr Pr”? 12r PP 
80 110 94 92 
7.4 4.8 3.5 6.7 
832 1600 1988 1074 
19 i 28 l6 
3 3 ri 1 





Abbreviations: C, control; LEA, after lumbar epidural anesthesia; D, delivery; PP, post partum. 


proving with only the use of LEA, this patient again 
developed left ventricular dysfunction in the post- 
partum period, characterized by elevated PCWP, low 
CO, and elevated SVR. The institution of afterload 
reduction therapy with hydralazine resulted in a dra- 
matic improvement in the clinical status of this patient 
with a return of CO toward normal levels and a de- 
crease in SVR (Table 2). 


Discussion 


Rafferty and Berkowitz (4) reported three patients with 
severe preeclampsia who received general anesthesia 
after a rapid sequence induction and intubation for 
cesarean section. All three patients received hydral- 
azine boluses and MgSO, infusions prior to initial 
invasive hemodynamic determinations. They found 
elevated cardiac output (9-14 L-min  ), low systemic 
vascular resistance, normal pulmonary artery pres- 
sure, and hyperdynamic left ventricular function (3). 
Of interest is the observation that one patient nad an 
increase in MAP from 120 mm Hg to 173 mm Hg with 
intubation. 

Rolbin et al. evaluated hemodynamic function in 
four patients with severe preeclampsia (11), three of 
whom had received general anesthesia and one LEA 
for delivery. In addition, three of the four had re- 
ceived hydralazine and MgSO, prior to hemodynamic 
determinations, and these patients had significantly 
higher cardiac output and lower systemic vascular 
resistance than the patient who did not receive 
hydralazine. 

Hemodynamic observations in 10 severely pre- 
eclamptic patients receiving only Mg5O, prior to ini- 
tial measurements were reported by Benedett: et al. 
(5). All of their patients received either inhalation an- 
algesia or narcotics for pain relief. They found ele- 
vated cardiac outputs with a mean value of 7.4 Lmin `! 
and a mean SVR of 1332 dynesseccm ? with poor 
correlation between CVP and PCWP in three out of 
nine patients. Left ventricular function was charac- 
terized as hyperdynamic, and CO did not signifi- 
cantly change at delivery or in the postpartum period. 


The effect of LEA on CO in severe preeclamptic 
patients has been evaluated by Graham and Goldstein 
(6). All ten of their patients received intravenous MgSO, 
infusions and hydralazine in 5-10-mg boluses “when 
needed" to control blood pressures. Cardiac output 
during labor and before LEA was 8.8 Lmin '', which 
was not significantly changed by LEA. They found, 
however, a significant increase in CO 15 min after 
delivery with a mean value of 11.4 L-min ', which 
returned toward baseline over the next hour. All their 
measurements were taken with the patients in the 
supine position. In addition they made no mention 
of filling pressures, pulmonary vascular resistance, or 
SVR. 

Considering the heterogeneity of anesthetic tech- 
niques and the use of vasodilators given prior to initial 
invasive hemodynamic measurements, it is not sur- 
prising that there are conflicting findings in the above 
clinical studies. Hydralazine, an antihypertensive 
agent, is a direct vasodilator of vascular smooth mus- 
cle. The resulting decrease in afterload often results 
in a decrease in SVR and a concomitant increase in 
CO (12). It is understandable that patients receiving 
hydralazine may not be truly representative of the 
natural preeclamptic state. This point is illustrated in 
the prelabor hemodynamic observations of third 
trimester preeclamptic patients reported by Groenen- 
dijk et al. (13). Their patients initially had low cardiac 
indices (2.75 Lmin "m^, high SVR (1943 
dynesseccm 7), and low PCWP (3.3 mm Hg). Vol- 
ume expansion and vasodilation with hydralazine re- 
sulted in a significant (P < 0.01) increase in CI to 4.40 
L-min "-m*^andreductionin SVRto947 dynes-sec-cm °°. 

Magnesium sulfate also has vasodilatory actions in 
addition to its anticonvulsant properties (14). When 
given as a bolus it has been shown to cause a signif- 
icant reduction in blood pressure in hypertensive pa- 
tients in addition to controlling the hypertensive re- 
sponses to intubation in preeclamptic patients (15,16). 
All of our patients were receiving MgoO, upon entry 
into the study because we could not justify delaying 
treatment in these critically ill patients in order to 
obtain truly baseline hemodynamic measurements. 
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Cotton et al. recently obtained such measurements in 
five severely preeclamptic patients (17). They re- 
ported a slight transient increase (12.5%) in CI, and 
a significant (P < 0.01) decrease in MAP after a 4-2 
bolus of MgSO, given over 15 min. 

We were able to obtain hemodynamic measure- 
ments in our patients without any of them receiving 
hydralazine. Our hemodynamic data were, therefore, 
similar to those reported by Benedetti et al. (5) with 
high CO and normal SVR in contrast to the high CO 
and low SVR reported in the series of Rafferty et al. 
(4) and Rolbin et al. (11) where hydralazine had been 
used. The low cardiac indices reported in Groenen- 
dijk’s (13) series of patients may be attributed to the 
fact that his patients were not in labor. Similar to the 
findings of Graham and Goldstein, we found that 
epidural anesthesia had no effect on CO during labor, 
delivery, or 1-2 hr postpartum. 

The poor correlation between CVP and PCWP in 
our series of severely preeclamptic patients was con- 
sistent with the findings of Benedetti et al. (5). Central 
venous pressure both underestimated and overesti- 
mated PCWP in a significant number of patients in 
both series. This lack of correlation does not neces- 
sarily mean that all severely preeclamptic patients 
should be monitored with a pulmonary artery cath- 
eter. The presence of pulmonary edema in a severely 
preeclamptic patient does represent an indication for 
a pulmonary artery catheter for optimum periopera- 
tive management. Patients with oliguria refractory to 
modest fluid challenges, associated with a normal CVP, 
or both, may also benefit from a more accurate as- 
sessment of left-sided filling pressures. It is important 
to note that the poor correlation between CVP and 
PCWP turned out to be an incidental finding in three 
out of the four patients because there were no clinical 
signs or symptoms that would have caused us to sus- 
pect this abnormality. Therefore, although pulmo- 
nary artery catheters are not essential in the manage- 
ment of every severely preeclamptic patient, knowledge 
of this potentially poor correlation between CVP and 
PCWP may be important for those patients with di- 
agnostic or therapeutic uncertainties. 

One common theme in the majority of the clinical 
reports of severe preeclamptic patients is the existence 
of hyperdynamic left ventricular function defined as 
the relationship between PCWP and left ventricular 
stroke work index. It should be noted that this hy- 
perdynamic left ventricular function is in comparison 
to normal nonpregnant patients. There is, under- 
standably, a scarcity of hemodynamic data obtained 
from invasive monitors in normal pregnant patients. 

Bader and Braunwald have reported such data in 
normal pregnant patients obtained via cardiac cath- 
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Figure 6. Comparison of ventricular function measurements (left 
ventricular stroke work index [LVSWI] versus PCWP) in severe 
preeclamptic patients and in normal pregnant patients. 


eterization at rest and exercise with calculation of CO 
using the Fick principle (18). When comparing their 
data in normal pregnant patients with ours, we find 
that two out of four of the normal pregnant patients 
from Bader and Braunwald's series also had hyper- 
dynamic left ventricular function, as compared to seven 
out of 10 of our severely preeclamptic patients (Fig. 
6). Although it appears that severely preeclamptic pa- 
tients do indeed have hyperdynamic left ventricular 
function, it is also quite possible that pregnant pa- 
tients in general may have hyperdynamic ventricular 
function when compared to their nonpregnant coun- 
terparts. This should not be surprising because it is 
known that CO is normally elevated in pregnancy 
(19). 

The contribution of this elevated left ventricular 
function to the hypertension in these patients is un- 
clear. Specifically, should negative inotropic agents 
be employed for the treatment of hypertension in those 
severe preeclamptic patients with hyperdynamic left 
ventricular function? For example, patients with el- 
evated cardiac indices and low systemic vascular re- 
sistances may be refractory to additional vasodilator 
therapy and may respond quite favorably to negative 
inotropic drugs like B-blockers and calcium channel 
blockers. Norris et al. found that verapamil resulted 
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in a decrease in blood pressure without a concomitant 
decrease in uterine blood flow in hypertensive sheep 
(unpublished observation). The possibility of negative 
inotropic interventions with either B-blockers or cal- 
cium channel blockers in severe preeclamptic patients 
certainly deserves further investigation (20). 

In conclusion, contrary to the opinion of Pritchard 
et al. (21), LEA may be used safely in severely pre- 
eclamptic patients without adversely affecting CO and 
may facilitate control of blood pressure. Severely 
preeclamptic patients may present clinically with a 
wide spectrum of hemodynamic profiles. Treatment 
of preeclamptic patients with magnesium sulfate and 
other vasodilators may also alter hemodynamics. CVP 
correlated poorly with PCWP in several severely pre- 
eclamptic patients in our series, and therefore, in pa- 
tients with cardiac failure or oliguria refractory to 
modest fluid challenges, the use of pulmonary artery 
catheters may allow titration of therapy to physiologic 
measured endpoints. 
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The effects of halothane anesthesia on pulmonary tissue and 
lung macrophage population were evaluated in normal and 
in C57BL/6 mice exposed to cigarette smoke twice daily for 
one year. Morphologic assessment of pulmonary tissue re- 
vealed no lung abnormalities that could be attributed solely 
to halothane anesthesia. However, in animals that were 
exposed to smoke and subsequently halothane anesthesia, 
airways cilia were shorter in stature and fewer in number. 
Disorientation of ciliary basal bodies was also observed. 
Airway macrophages in smoke-exposed animals subjected to 
halothane anesthesia were, for the most part, larger in size 
and contained more lysosomes and inclusions than phago- 
cytes in airways of all other animals. Smoke inhalation alone 
caused a significant increase in number of | ung parenchymal 
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Pulmonary complications are a major cause of mor- 
bidity and death after anesthesia and surgery (1-5). 
Cigarette smoking significantly increases the risk for 
development of these complications by 2- to 6-fold 
(3,4,6-10). However, the contribution of anesthesia 
alone to the pathophysiology of pulmonary compli- 
cations is not clear. Thus the present study utilizing 
C57BL/6 mice was designed to determine whether 
inhalational anesthesia (halothane) causes morpho- 
logic pulmonary abnormalities and to assess the re- 
sponse of the lung macrophage system after anes- 
thesia in smoke-exposed and normal animals. The 
phagocytic system was chosen for evaluation because 
these cells are of primary importance in maintaining 
the sterility and normal function of the lungs (11,12) 
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macrophages when compared to the number of these cells in 
sham-treated and control animals. However, the total mac- 
rophage population was significantly greater in lungs of 
smoke-exposed mice 48 hr after anesthesia than in lungs of 
smoke-exposed mice not subjected to halothane anesthesia 
and to those of sham-treated and control animals that were 
or were not exposed to the anesthetic. Airway macrophage 
numbers were significantly elevated in smoke-exposed mice 
48 hr after halothane when compared to those of all other 
&roups. Conversely, the number of parenchymal macro- 
phages decreased in lungs of these mice. If was proposed 
that in smoke-exposed mice subjected to halothane anes- 
thesia, ciliary function is impaired and phagocytes are mo- 
bilized from alveoli into the alriays. 


Key Words: ANESTHETICS, votarILE—halothane. 
LUNG —cigarette smoke and anesthesia. 
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and the system is known to be affected markedly by 
inhalation of smoke (13-16). 


Materials and Methods 


Ninety-five C57BL/6 adult male mice previously quar- 
antined for 10 days were studied. During quarantine 
and the course of the experiment, animal health was 
monitored as described earlier (17). The animals were 
divided into three groups: 35 smoke-exposed mice; 
35 sham-treated animals (i.e., manipulated similarly 
to smoke-exposed mice except that room air was sub- 
stituted for cigarette smoke); and 25 controls (not ex- 
posed to smoke or sham treatment) (Table 1). At the 
time smoke exposure began, all animals were 12-14 
weeks of age. Mice were exposed to smoke from 2A1 
Reference cigarettes (University of Kentucky) in the 
Kentucky smoking machines (18) twice daily for one 
year. Smoke exposure, sham treatment, housing, and 
other experimental conditions of the animals have 
been detailed earlier (19,20). 

At the end of the 1-yr smoke exposure period, 14 
of surviving (each) smoke-exposed, sham-treated;-ánd' - 
control animals (Table 1) were subjected to halothane - 
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Table 1. Treatments and Number of Animals Used 
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Determination of 


Number of animals 





minimum 
At onset of Deaths over anesthetic Exposure to Deaths during 
Treatment" experiment l year requirements halothane halothane exposure sacrificed 
Smoke-exposed 35 8 5 
Sham-treated 35 i 5 
Control 25 à 5 
Smoke + Hal. 8 14 3 
Sham + Hal. 9 l4 2 
Cont. + Hal. 4 14 l 
om. + Hal. 24 hr 5 
Sm. + Hal. 48 hr 3 
Sh. + Hal. 24 hr 5 
oh. + Hal. 48 hr 2 
Cont. + Hal. 24 hr 5 
Cont. + Hal. 48 hr 5 
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"Abbreviations: 5m. or Smoke, smoke-exposed; Sh. or Sham, sham-treated; Hal., halothane anesthesia: Cont., control; hr, hours. 


(2-bromo-2-chloro-1,1,1-trifluroethane) anesthesia by 
placing the animals into a 2.5-L capacity clear plex- 
iglass chamber. A Fluotec halothane vaporize: (Cy- 
prane North America Inc., Tonawanda, NY 44150) 
was connected to the chamber, and 100% O- was used 
as a carrier at a flow rate of 3 L/minute. Minimum 
anesthetic requirement of halothane was determined 
in 8 smoke-exposed, 9 sham-treated, and 4 ccntrol 
animals (Table 1) according to the method of Gold- 
stein et al. (21). A delivered halothane concentration 
of 1.2% from a calibrated Fluotec vaporizer prevented 
50-70% of the animals from movement in response 
to tail clamping and was considered to approximate 
minimum alveolar concentration (21). Inducticn of 
anesthesia was achieved using 1.6% delivered con- 
centration of halothane in 100% oxygen, and the 
chamber was sealed. After the first 15 min, the con- 
centration of delivered halothane was reduced to | .2% 
throughout the 2-hr period of anesthesia. The :em- 
perature in the chamber was maintained at approxi- 
mately 37°C during anesthesia and recovery. Animals 
were observed closely for 4 hr after recovery from 
anesthesia. Mice were not subjected to smoke expo- 
sure or sham treatment on the afternoon of the day 
of halothane administration. Five (each) smoke-ex- 
posed, sham-treated, and control mice were sacrif ced 
24 and 48 hr after the onset of halothane anesthesia 
(Table 1). Five (each) additional smoke-exposed, sham- 
treated, and control animals that were not expcsed 
to halothane anesthesia (Table 1) were sacrificed on 
the day the halothane was administered to the other 
mice. 

Mice were sacrificed by intraperitoneal injections 
(80 mg/kg) of sodium pentobarbital (Butler Co., Zo- 


lumbus, OH 43228) and exsanguinated by cutting the 
abdominal aorta. The cephalic two-thirds of the left 
lung was then immediately excised, fixed by immer- 
sion in 10% neutral buffered formalin, and prepared 
for light microscopy by methods described earlier (17). 
To assess whether differential shrinkage, or collapse 
of lungs, or both occurred after pneumothorax and 
tissue processing as a result of different treatments of 
animals, area of lung sections from all mice, cut at 
identical locations, was calculated using an image 
analysis system (Zeiss Video Plan Image Analysis Sys- 
tem, Carl Zeiss Inc., Thornwood, NY). Tissue for elec- 
tron microscopy was prepared by methods described 
elsewhere (17,22). 

The number of macrophages in alveolar spaces and 
septa (parenchymal macrophages) and those in bron- 
chi and bronchioles (airway macrophages) was de- 
termined (blindly) from tissue prepared for light mi- 
croscopy as follows. Parenchymal macrophages in each 
animal were counted in ten randomly selected fields 
of tissue measuring 0.028 mm". Each field was com- 
posed of alveolar tissue only; bronchi, bronchioles, 
large vessels, and connective tissue regions were ex- 
cluded from the sampling. Airway macrophages were 
determined in four areas measuring 0.212 mm?, which 
covered approximately 80-90% of the lung section. 
Different areas used to count parenchymal and airway 
macrophages reflect the need for higher magnification 
to identity the former than the latter. Subsequently, 
the number of parenchymal macrophages (PM) was 
equated mathematically to reflect the area evaluated 
to obtain airway macrophage (ARM) counts by cal- 
culating: PM,, x (ARM/PM,) where PM,, is the raw 
mean of PM and ARM, and PM, the unit areas used 
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Table 2. Animal Weights in Grams’ 
Beginning of Termination of 24 hr post 48 hr post 
Animal groups treatment” treatment halothane” halothane“ 
Control 25.2 + 0.4 21g x H9 32:9 D. 6 Sate T9 
Sham-treated 24.6 x 0.4 20.2 xt US 29006 1:7 210. eer 
5moke-exposed 24.9 + 0.4 25:9 208 25.8 + 0.8 25,9: 2 1.5 


"Mean £ SEM. 

"n = 20, animals 12-14 weeks of age. 
'n = 20, animals 64-66 weeks of age. 
ĉn = 5, animals 64-66 weeks of age. 


Table 3. Area of Lung Sections Used to Count Lung 
Parenchymal and Airway Macrophages 
Area (mm?) 


Treatment (mean + SEM) 





Smoke-exposed 17.81 + 0.65 
Sham-treated 16.30 + 1.13 
Control 14.20 + 0.83 
Sm. + Hal. 24 hr 18.57 + 1.93 
Sm. + Hal. 48 hr 17,88 + 0.86 
Sm. + Hal. 24 hr 17.52 27 4:53 
Sh. + Hal. 48 hr 17.97 + 1.47 
Cont. + Hal. 24 hr 14.5] + 0.82 
Cont. + Hal. 48 hr 14.74 + 1.71 





‘Abbreviations: Sm., smoke-exposed; Hal., halothane anesthesia; Sh., 


sham-treated; Cont., control. 


to determine the numbers PM and ARM. The sum of 
PM and ARM per unit area of lung tissue represents 
a certain relative fraction of the total (alveolar, septal, 

and airway) macrophage population. 

Numerical data were evaluated statistically using 
Tukey's multiple comparison procedures (23). The 
statistical tests were carried out with an experiment- 
wise error rate (overall significance level) of 0.05. Fur- 
ther, least squares regression procedures (23) was 
utilized to obtain the “best-fit” lines for the various 
animal groups in regard to percentages of macro- 
phages noted in lung parenchyma and airways as a 
function of halothane effect over time. 


Results 
General Observations 


The health of the animals during the experiment re- 
mained good. Animal body weights contormed to those 
recorded in earlier smoke exposure experiments (17) 
(Table 2). Deaths of animals during the 1-vr study 
were minimal (eight smoke-exposed, seven sham- 
treated, and two control) (Table 1) and were either 
attributed to natural causes or resulted from sacrific- 
ing animals that sustained injuries during loading or 
unloading into and out of the smoking or sham 
machines. 


Anesthesia was achieved 15 min after the onset of 
halothane administration. Three smoke-exposed, two 
sham-treated, and one control animal died during the 
2-hr halothane anesthesia. Sham-treated and control 
animals recovered significantly sooner from anes- 
thesia (P = 0.0001; median test) (10 min) than the 
smoke-exposed mice (20 min). 

Light and electron microscopic assessment of lung 
tissue revealed no pathology in any of the animals 
that could be attributed to anesthesia alone. However, 
smoke inhalation induced peribronchiolar and peri- 
vascular accumulations of lymphocytes and macro- 
phages similar to those noted and discussed in an 
earlier report (17). 

Degree of lung shrinkage or inflation, observed mi- 
croscopically, appeared similar in animals subjected 
to different treatments. The areas of lung sections cut 
at the same location were likewise similar in all ani- 
mals (Table 3) (a significance level 0.05). 


Parenchymal Macrophage Morphology 


Ultrastructure of PM in lungs of sham-treated and 
control animals was similar to that of sham-treated 
and control animals 24 and 48 hr after halothane in- 
halation. The macrophages appeared normal in the 
above-mentioned animal groups and were similar to 
phagocytes of normal mice described earlier (15). At 
both the light and electron microscopic levels, these 
cells were encountered infrequently in lungs of the 
above animals. 

Macrophage ultrastructure of mice exposed to smoke 
only was likewise similar to that noted in smoke-ex- 
posed animals 24 and 48 hr after halothane treatment 
(Fig. 1); however, the morphology of macrophages in 
these animals differed markedly compared to that of 
phagocytes in control and sham-treated animals sub- 
jected or not subjected to halothane anesthesia. 
Phagocytes of the smoke-exposed mice appeared larger 
in size. Their cytoplasm was replete with heteroge- 
neous, often large, secondary lysosomes (Fig. 1). In 
addition, many of these cells were characterized by 
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Figure 1. Electron micrograph of a parenchymal macrophage from 
a smoke-exposed animal 48 hr after halothane anesthesia. Many 
secondary lysosomes (L) are present in the cytoplasm, some con- 
taining needle-like inclusions (arrows). Calibration bar in the lower 
left corner equals 2 um. 


needle-, fiber-, or crystal-like inclusions that were as- 
sociated with lysosomes or were free in the cvto- 
plasm. These structures were only observed in smoke- 
exposed animal groups. Parenchymal macrophages 
were encountered frequently in the smoke-exposed 
only and in smoke-exposed mice 24 hr post halothane 
inhalation, but were often difficult to find in smoke- 
exposed animals 48 hr after anesthesia. 


Airway Macrophage Morphology 


The ultrastructure of ARM in the control, sham-treated, 
and smoke-exposed only and control and sham-tieated 
animals 24 and 48 hr after halothane anesthesia was 
similar to that of PM of corresponding treatment groups 
with one exception, i.e., more lysosomes were noted 
in the cytoplasm of most of the former cells. ARM in 
lungs of smoke-exposed animals were similar in mor- 


Figure 2. Electron micrograph of parenchymal macrophages from 
a smoke-exposed mouse 48 hr after halothane anesthesia. Note the 
numerous needle-like inclusions (arrows) associated with the ly- 
sosomes. An unusually large inclusion (arrowhead) appears to be 
partially engulfed by a macrophage and surrounded by several 
neutrophils (Ne). Calibration bar in the lower left corner equals 
2 um. 


phology 24 and 48 hr after halothane anesthesia but 
differed considerably from those noted in the above 
groups. The cytoplasm of many, though not all ARM, 
was replete with the fiber- or crystal-like inclusions 
(Fig. 2) morphologically similar to those noted in pa- 
renchymal macrophages of smoke-exposed mice. Often 
the inclusions were quite large and appeared to be 
encased by several macrophages or phagocytes and 
neutrophils (Fig. 2) suggesting an extracellular posi- 
tion. These structures were only seen in smoke- 
exposed animal groups. 

Airway macrophages were rarely encountered, even 
at the light microscopic level and much less in the 
electron microscope, in lungs of sham-treated and 
control animals (not observed in four of the ten ani- 
mals). However, occasionally a visual field of airways 
in lungs of smoke-exposed mice contained as many 
as three macrophages (Fig. 3a). Similar numbers were 
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Figure 3. (a) Light micrograph of a small airway from a smoke-exposed animal showing three macrophages (arrows) attached to the 
epithelium (E). This and subsequent light micrographs were obtained from sections stained with periodic acid Schiff reagent- hematoxylin. 
Calibration bar in the lower left corner of this and all other light micrographs equals 20 um. (b) Light micrograph of airways (A) from a 
smoke-exposed mouse 48 hr after halothane anesthesia showing numerous macrophages (arrows) uniformly distributed over the epithelium 
(E). (c) Light micrograph of an airway from a smoke-exposed animal 24 hr after halothane anesthesia showing a large aggregation of 
macrophages (arrow) that appears to occlude the airway. Note the large fiber needle-like inclusion (arrowhead) surrounded by macro- 
phages. (d) Light micrograph of a larger airway from à smoke-exposed animal 48 hr after halothane anesthesia depicting an aggregation 
of macrophages (arrow), which surround a fiber-like inclusion (arrowhead). 


observed in sham-treated and control mice 24 and 48 
hr after halothane inhalation. In contrast, airwavs of 
smoke-exposed mice examined 24 and 48 hr after 
anesthesia had numerous phagocytic cells (Fig. 3b-d). 
In some airways of the smoke-exposed animals 24 and 
48 hr after halothane anesthesia, the distribution of 
these cells was relatively uniform (Fig. 3b) while in 
others they were aggregated in groups of 50 or more 
(Fig. 3c). On occasion, long needle- or fiber-like struc- 
tures were noted in such aggregations of macro- 
phages (Fig. 3c,d). 


Morphology of Atrway Epitheltum 

With the exception of ciliated cells in smoke-exposed 
animals 24 and 48 hr after halothane inhalation (Fig. 
4a), the ultrastructure of all other cellular components 
appeared normal (Fig. 4b) in the different groups of 


animals. In longitudinal sections of airwav epithe- 
lium, many (though not all) of the ciliated cells in 
airways of the two affected animal g groups were char- 
acterized bv reduced numbers of cilia (Fig. 4a). Those 
that were present were short in stature. Basal bodies 
were disoriented, some of which were randomly dis- 
tributed in the supranuclear cytoplasm at some dis- 
tance below the surface of the cell (Fig. 4a). Precursor 
material of ciliary basal bodies was observed near the 
cell surface (Fig. 4a). 


Quantification of Parenchymal and 
Airway Macrophages 


Quantification of macrophages in the lungs of the 
different animal groups revealed that different treat- 
ments or combinations of treatments altered the PM, 
ARM, and total macrophage population size (Fig. 5). 
PM population size of all control and sham-treated 
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Figure 4 (a) Electron micrograph of the apical portion of 
epithelium from a smoke-exposed mouse 48 hr à 


lower left corner equals 1 4TP- (b) Electron micrograph € 
airway epithelium from a sham animal 48 hr after halo 
(arrows), basal bodies (B). The calibration bar in the 
corner equals 2 pm. 
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Figure 5. The total number of parenchymal and airway macro- 
phages (Mac.) per unit area of lung tissue over different treatments. 
The shaded portion of the bars represents parenchymal macro- 
phage population while the clear portion represents that of airway 
phagocytes. Number of parenchymal macrophages is significantly 
larger (P « 0.05) in the smoke only mice and smoke-exposed an- 
imals 24 hr after halothane anesthesia and that of airway phago- 
cytes of smoke-exposed animals 24 and 48 hr after anesthesia than 
all other values. Vertical lines denote one standard error of the 
mean. The horizontal broken line represents the total lung mac- 
rophage population size of smoke-exposed animals. 


ARM) in the three smoke-exposed groups of animals 
was significantly greater than in sham-treated and 
control groups (Fig. 5). Further, the number of these 
cells was significantly greater in smoke-exposed an- 
imals 48 hr after anesthesia than in smoke-exposed 
only animals. The total number of macrophages was 
the same in all control and sham-treated animals (Fig. 
5). The percent of ARM evaluated, using least square 
regression analysis, in the smoke groups showed the 
greatest trend to increase with time after halothane 
anesthesia (Fig. 6). Likewise, ARM percent in the sham 
groups treated with the anesthetic was elevated over 
time, though more modestly than in the smoke groups 
(Fig. 6). The percent of these cells was least affected 
by the anesthesia treatment in control groups (Fig. 6). 
The percentages of parenchymal macrophages were 
aftected by halothane anesthesia over.time exactly as 
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Figure 6. Percent of airway macrophages (Mac.) of the total mac- 
rophages (parenchymal plus airway) per unit area of lung tissue 
over different treatments (broken lines) and least squares regres- 
sion analysis (solid lines). Note that the percent of airway mac- 
rophages is highest in the smoke exposed mice 48 hr after halothane 
anesthesia. Halothane (hal). 


those of the ARM except in the opposite direction, 
i.e., decreases rather than increases occurred. 


Discussion 


Even though no general lung morphologic alterations 
attributable to halothane were noted, the present study 
revealed that halothane induced macrophage ultra- 
structure and population size changes. Parenchymal 
macrophage morphology in lungs of mice exposed to 
smoke or to smoke and halothane was similar but 
differed markedly when compared with sham-treated 
and control animals. Phagocytes in the former animal 
groups appeared larger and contained considerably 
more heterogeneous, often large, secondary lyso- 
somes. Many of these organelles had embedded within 
them needle-, fiber-, or crystal-like inclusions. In gen- 
eral, the size and morphology of PM were similar to 
those described previously after 24 weeks of smoke 
exposure (15). Increase in macrophage size and ac- 
cumulation of lysosomal bodies reflect increased de- 
mand for smoke particulate phagocytosis or intracel- 
lular digestion of such material (13,24,25). Halothane 
did not appear to influence PM size or lysosomal 
morphology. 

Airway macrophage morphology in lungs of ani- 
mals exposed to smoke and anesthetized by halo- 


44 ANESTH ANALG 
1986;65:37-45 


thane differed in structure from PM. The ARMS were 
characterized by more fiber- or crystal-like incLisions 
when compared to PMs. The presence of ARMs with 
such a burden of material cannot be explained a£ pres- 
ent. However, these cells may represent effete phag- 
ocytes that have endocytosed maximal quanti-ies of 
undigestable material (the crystalline-like materiel) and 
are being cleared from the lungs. 

Total number of lung macrophages (PM plus ARM) 
was most markedly elevated in the smoke-ex»osed 
animals 48 hr after anesthesia. The specific mecha- 
nism that induces the increase in the macro»hage 
population in smoke-exposed animals subsequent to 
halothane anesthesia cannot be accounted for pres- 
ently. However, the data suggest that halothane is 
involved in the observed phenomenon. It is possible 
that macrophages or other lung cells are stimulated 
by the anesthetic to liberate substances that are chem- 
otactic for phagocytes. Such a notion has beer pro- 
posed in regard to the mechanism that normally causes 
the lung macrophage population to increase n re- 
sponse to smoke inhalation (16,26,27). 

While total number of pulmonary phagocytes in- 
creased, the population of PM decreased after halo- 
thane anesthesia in the smoke-exposed animals 48 hr 
after anesthesia. It is possible that the majority cf the 
lost PMs appeared as ARMs because the popubtion 
of the latter increased after halothane exposure, es- 
pecially in smoke-exposed animals. As noted previ- 
ously, the ARM might represent, at least in part, an 
effete PM population whose phagocytic role has been 
completed, which is being cleared from the lungs pas- 
sively. On the other hand, active mobilization oc PM 
into airways may be the result of increased dernand 
for airway clearance, particularly of accumulated mu- 
cus, after the anesthetic exposure. Postanestheti- im- 
pairment in mucus transport is known to occur in 
humans (28) and dogs (29). 

The decrease in PM population could reflect a de- 
crease in the antibacterial defenses of the lungs im the 
postanesthetic period because such defenses o: the 
lungs are known to be dependent primarily or PM 
function (30). Cigarette smoking increases the rizk of 
pulmonary complication after anesthesia, including 
the inability to clear mucus as well as increased vul- 
nerability to bacterial infection (2). Morphologic ob- 
servations suggesting that cilia of airways susta ned 
more damage in smoke-exposed animals that were 
also exposed to halothane support the notion that 
smoking and anesthesia could be associated witk de- 
rangement of the mucociliary escalator system (5,28 31). 
It seems possible that halothane anesthesia partici- 
pates additively to smoke inhalation in regard to im- 
pairing clearance of material from the lungs, waich 
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causes accumulation of the phagocytes in the airways. 
These cells might add to congestion in the passage- 
ways that initially results from mucus accumulation. 
It is conceivable that the added airway burden is suf- 
ficient to impede airflow into alveolar regions, which 
may contribute, in part, to the postanesthetic pul- 
monary complications observed in humans. 

It is acknowledged that the above speculations are 
based on morphologic data and that dynamic assess- 
ment of ciliary function and macrophage mobilization 
is necessary before mechanisms for the observed cel- 
lular responses can be proposed. Secondary effects 
induced during anesthesia, e.g., respiratory depres- 
sion and hypoventilation (32-35) might also contrib- 
ute to eliciting the responses. Further animal research 
designed to specifically delineate the relationship of 
smoking, macrophage dynamics, and secondary ef- 
fects of anesthesia to lung pathophysiology is indi- 


cated. Such studies may yield important, clinically 


relevant information. 


The authors wish to express their gratitude to Dr. Nick Teoh for 
statistical analysis of the data, Linda Simmerman and Mary Maley 
for their expert technical assistance, and the Scientific Information 
Section of the Tobacco and Health Research Institute for their ed- 
itorial and literature services. 
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Myocardial metabolism and hemodynamic response: with 
fentanyl-enflurane anesthesia for coronary arterial 
surgery. Anesth Analg 1986;65:46-52. 


Ten patients for coronary vein grafting had induc ion of 
anesthesia with fentanyl (30 ug/kg), followed by «nflur- 
ane—oxygen sufficient to decrease systolic blood pressure by 
27% before intubation. Enflurane was continued 11 con- 
centrations to maintain blood pressure below that wth pa- 
tients awake. All patients had preserved ventricular func- 
tion and effective B-blockade. Studies of hemodynamic 
functions and myocardial blood flow and oxygenatior were 
done before induction, six times during anesthesic, and 
twice postoperatively. The blood pressure decrease an in- 
duction and before bypass was due to reduced cardiac index 


The principle that to preserve myocardial oxyger bal- 
ance during anesthesia in patients with coronary. dis- 
ease, factors responsible for oxygen consumption must 
be controlled closely (1) has become widely accepted. 
Heart rate and blood pressure cannot be allowed to 
increase significantly over quiet awake levels. Several 
studies have shown that fentanyl, even in high doses, 
does not assure a hypodynamic circulation (2,3), =hus 
risking myocardial ischemia (4,5). Although enfluzane 
with oxygen can be given to consistently depress the 
heart and circulation during cardiac surgery (6), early 
waking occurs with the risks of hypertension. A mod- 
erate dose of intravenous fentanyl, followed by -on- 
trolled circulatory depression with a potent inhaled 
agent, has become a popular treatment because of a 
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without decreased heart rate or systemic resistance. Stroke 
work index decreased 47% on induction and remained below 
awake level throughout. Coronary sinus blood flow de- 
creased 2696 after intubation and remained so before bypass. 
Without change in coronary resistance, coronary sinus ox- 
ygen content increased 30% on induction and stayed ele- 
vated before bypass. Normal lactate extraction continued 
after induction and increased before bypass; mean extraction 
decreased after bypass, with one or two hearts producing 
lactate in the first 24 postoperative hr. Fentanyl- 
enflurane—oxygen maintained a steady mild hemodyna- 
mic depression during the operation and soon afterward, 
which preserved myocardial oxygenation. 


Key Words: ANESTHETICS, vorATILE—enflurane. 
ANESTHETICS, INTRAVENOUS-—fentanyl. SURGERY, 
CARDIOVASCULAR. 


clinical impression of its effectiveness. We studied 10 
patients before, during, and after fentanyl-plus- 
enflurane anesthesia for coronary artery bypass graft- 
ing (CABG). Effects on hemodynamics and cardiac 
performance were correlated with coronary blood flow, 
myocardial oxygen consumption (MVo,), and lactate 
extraction (MLE). 


Methods 
Patient Population 


Ten men gave informed signed consent for the study. 
Mean age was 60.8 yr (range 53-67) and mean weight 
81.4 kg (range 67—100). All were typical CABG can- 
didates with preserved ventricular function: seven had 
areas of hypokinetic muscle but nine had normal heart 
size; only three had known previous infarction. At 
cardiac catheterization, mean cardiac index was 2.49 
L-xmin "m ^? (range 1.92-3.23), mean left ventricular 
end diastolic pressure (LVEDP) 10 mm Hg (range 6-13), 
and mean ejection fraction 0.73, with none under 0.50. 
All patients were normotensive preoperatively. NYHA 
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disability was class II in one, III in seven, and IV in 
two patients. Surgery included insertion of a mean of 
2.5 vein grafts (range 1—4). All ten patients were main- 
tained on effective doses of B-blocking drugs until the 
operation; two were also taking a diuretic, one di- 
goxin, and two an oral hypoglycemic drug for diabetes. 


Study Protocol 


The study, approved by our institutional Ethics Com- 
mittee, included premedication with diazepam, mean 
10.5 mg (range 10-15) and morphine, mean 13 mg 
(range 10-15), followed by insertion of intravenous 
and radial arterial cannulae under local anesthesia. 
To increase drowsiness, additional intravenous di- 
azepam (mean 5.7 mg, range 2.5-10) was given. Two 
thermodilution catheters were then inserted through 
the right internal jugular vein: one into the pulmonary 
artery (PA) (7), the other, a Ganz catheter (8), into 
the midcoronary sinus, aided by fluoroscopy and in- 
jection of contrast medium. The latter measured total 
coronary sinus blood flow (CBF), essentially left coro- 
nary arterial inflow. 

Lead V5 of the ECG was monitored continuously. 
Nine sequential studies were done starting before in- 
duction of anesthesia and continuing through anes- 
thesia and into the postoperative period. Each study 
recorded measurements of cardiac output (duplicate), 
CBF, ECG, and arterial and central pressures. Arterial 
and coronary sinus (CS) blood was drawn for mea- 
surement of oxygen saturation and hemoglobin (co- 
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Figure 1. Mean + sD for heart rate, mean 
arterial and wedge pressures in 10 patients 
through operation and postoperatively. The 
significant decrease in MAP below awake 
values continued through anesthesia. 


24 hours 
AFTER OPERATION 


oximetry) and lactate content (Boehringer Mannheim, 
Canada, Ltd.). Oxygen content was calculated from 
oxygen saturation X hemoglobin x 1.34. From mea- 
sured data, MVo; was calculated as the product of 
CBF times the arterio-CS difference of oxygen content 
and MLE as that portion of arterial lactate extracted 
by muscle, i.e., arterio- C5 lactate difference x 100 
divided by arterial lactate content. If more lactate is 
in CS than in arterial blood, lactate has been produced 
by myocardial anaerobic glycolysis. Statistics included 
analysis of variance and paired t-tests with P « 0.05 
considered to be significant. 


Anesthetic Protocol 


Induction began with 30 ug/kg of intravenous fen- 
tanyl, mean dose 2450 ug (range 2000-3000), given 
over 2 min. Pancuronium, mean dose 8.4 mg (range 
7-10), was given slowly during the fentanyl admin- 
istration. Enflurane was then added to the inspired 
oxygen to reduce systolic arterial pressure 25-30% 
from the awake levels and to maintain it there for a 
total induction time, averaging 10.2 min (range 8-12) 
before the second study. End-expiratory concentra- 
tion of enflurane averaged 1.62% (range 0.75—2.2) over 
this period. After intubation, enflurane-oxygen was 
continued to maintain a steady, slight decrease in 
arterial pressure using concentrations of enflurane that 
varied up to 3%. No intravenous fluid was given dur- 
ing induction, other than that given as a vehicle for 
drugs, but thereafter the usual amounts of fluid and 
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blood products were administered throughovt by- 
pass, operation and afterwards. No further fertanyl 
was given. Postoperatively, sedation and ana gesia 
were with intravenous diazepam (2.5-mg doses) and 
pantopon (3-mg doses) through the 24-hr final s-udy. 


Results 


Induction was smooth in all cases, with no episodes 
of tachycardia or hypertension. Mean Paco; when 
awake was 40 mm Hg; after induction it was 44 mm 
Hg. Duration of anesthesia averaged 255 min (range 
194—409); cardiopulmonary bypass (at 26°C) lastsd 95 
min (range 50-165) with an average aortic cross-Camp 
time of 36 min (range 16-63). Other than CaCl; on 
discontinuing bypass, no cardioactive drugs were 
needed except nitroglycerin infusion during rewarm- 
ing to control blood pressure in one patient and a 
dopamine infusion for a short period after bypess in 
another patient. After the study at 1 hr, two patients 
received nitroprusside for hypertension. The tine to 
first response to command postoperatively averaged 
92 min (range 30-195) with the time to extubatior 13.5 
hr (range 5.5-19). No patients had evidence cf in- 
farction postoperatively; all were discharged in 7-10 
days without major complications. 

Mean heart rate was 59 beats/min before indu-tion 
and did not change until after bypass (Fig. 1). Mean 
arterial pressure (MAP) was intentionally lowered 
(mean, 27%) during induction; it was still 18% b2low 
awake levels after intubation. Throughout anesthesia 
MAP was kept 10-20% below awake levels; at 1 hr 
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postoperatively it had risen only to the preinduction 
value. Pulmonary capillary wedge pressure remained 
unchanged throughout the study. Blood pressure 
control was achieved by decreases in cardiac index 
(CI): 24% on induction and 30% before and after ster- 
notomy (Fig. 2). Cardiac index was also reduced after 
chest closure and at 1 hr postoperatively, but by the 
next day had fully returned to the preoperative state. 
With decreases in MAP and CI, stroke work index 
remained 25-47% below the preinduction level. Sys- 
temic vascular resistance (SVR) did not change on 
induction or intubation but increased before ster- 
notomy. Mean SVR increased to 1690 dynes.seccm ^? 
after chest closure and 1667 at 1 hr; by the next morn- 
ing it had returned to normal. 

Mean CBF in the quiet awake state was 113 + 30.9 
ml/min (Fig. 3). The decrease (26%) present after in- 
tubation became greater (4876) after sternotomy. After 
bypass mean CBF was at preinduction level and was 
higher at the 24-hr study than preinduction. Coronary 
vascular resistance (CVR) did not change except for 
an increase after sternotomy at a time when CBF was 
at its lowest point. 

Oxygen content of CS blood (C50;) increased 30% 
on induction because of an Fio; of 1.0, and a decrease 
in cardiac work (Fig. 4). This elevated content lasted 
until bypass. After bypass CSO. gradually increased 
as hemoglobin levels increased, until at 24 hr it was 
23% greater than before induction. MVoO; decreased 
24% on induction and remained below awake level 
until bypass. MVO, did not reach awake levels until 
24 hr postoperatively. 
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Arterial and CS contents of lactate increased before 
sternotomy; after bypass both reached three times 
preoperative levels and had not yet returned to nor- 
mal value at 24 hr (Fig. 5). Mean MLE did not change 
until it increased after sternotomy. One patient had 
myocardial lactate production after induction. Myo- 
cardial lactate extraction was lower than awake at all 
study times after bypass, with production seen in one 
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Figure 3. Mean coronary blood flow was 
below awake level from intubation until by- 
pass. Coronary vascular resistance changed 
only after sternotomy, when CBF was lowest. 
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Figure 4. Coronary venous oxygen content 
increased on induction and continued ele- 
vated until bypass. Myocardial oxygen con- 
sumption was below awake level through- 
out anesthesia. 
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patient after chest closure, in one at the 1-hr and in 
two at the 24-hr periods. ST segment depression of 2 
and 1 mm, present in two patients before induction, 
decreased to 1 mm and 0 after intubation. Another 
patient had 2 mm of ST segment depression when 
awake, which did not change before sternotomy; 
postbypass ST elevation was present. Six other pa- 
tients developed 1-2 mm of ST segment elevation 
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Figure 5. Arterial and CS lactate levels in- 
creased before bypass and were much higher 
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from the postinduction through poststerno-omy 
studies. 


Discussion 


The first reports of effects of anesthetics on coronary 
blood flow and myocardial oxygenation in hunans 
with coronary disease began in 1979. Methods in- 
cluded arterial-CS venous argon differences by Sonn- 
tag et al. (9) and measurement of arterial-CS vemous 
oxygen content differences and coronary sinus b ood 
flow by Wilkinson (10). With the continued work of 
Sonntag et al. (4,9,11,12), along with that of Re z et 
al. (13-16) and our multiple studies (5,6,17—20), the 
major agents in common use for cardiac anestesia 
have been investigated. 

These reports have proven the maxim that rayo- 
cardial oxygen balance during anesthesia in patients 
with coronary arterial disease is preserved by con- 
trolling the factors governing MVOs;. Heart rate and 
blood pressure must be kept at normal levels or be- 
low. Both halothane (17) and enflurane (6), given alone 
for CABG operations, can maintain the appropriate 
hemodynamic depression. Fentanyl, even in Figh 
doses, does not, however, always retain a hypcdy- 
namic circulation (4,5). Nitrous oxide may contribute 
to insidious ischemia distal to areas of coronary ste- 
nosis (19,20). Isoflurane is a potent coronary vaso- 
dilator (15,18), but may cause coronary "steal" det- 
rimental to oxygenation in regions of reduced blood 
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flow. From their clinical experience, cardiac anesthe- 
siologists now frequently combine anesthetic drugs, 
using each for specific properties to provide the nec- 
essary range of effects. The present report validates 
that approach, showing that with fentanyl for basic 
analgesia and enflurane as needed for obtunding 
autonomic reflexes, oxygen balance is preserved. All 
our patients had good ventricular function with no 
other serious lesions, but these patients are more likely 
to develop a hyperdynamic circulation than those with 
class IV disability. If this combination fulfills the need 
in the patient with a robust myocardium, its careful 
application should be appropriate for the more se- 
verely disabled heart, with the opiate and inhaled 
agent given to fit their lesser tolerance. 


Quantitation of Myocardial Oxygenation 


We have continued measurements of coronary flow 
by thermodilution because it accurately determines 
total flow through left ventricular muscle over a 20- 
sec period and can be repeated in 1-2 min. While not 
detecting moment-to-moment changes that occur in 
regional flow (21), the rapid response time does doc- 
ument alterations in global flow due to major events 
as induction, intubation, and sternotomy. Mean flow 
is measured for the whole ventricle; variations in flow 
distal to coronary lesions cannot be identified. Simi- 
larly, measurement of energy substrates and metab- 
olites in coronary venous blood quantitates only global 
oxygenation. Only when most of the ventricular mus- 
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cle becomes ischemic can anaerobic glycolysis be iden- 
tified by finding more lactate in coronary venous than 
in arterial blood. 


Hemodynamic Responses 


Our patients, all kept on full doses of B-blocking drugs, 
then heavily premedicated and given 30 ug/kg of fen- 
tanyl, had no increases in heart rate associated with 
pancuronium (0.1 mg/kg) or intubation. None had 
increased ST segment depression, as found by Thom- 
son and Putnins (22). The increase in heart rate nor- 
mally seen after bypass was, however, still present. 
Little reduction in blood pressure occurred with fen- 
tanyl alone, so enflurane was added to intentionally 
decrease blood pressure and to keep it below control 
levels. After a 10-min induction, the second study 
reflected responses to the two agents without a change 
in blood gas tensions. From that base, intubation 
produced no hyperdynamic response. Subsequently, 
blood pressure was controlled below awake levels by 
using enflurane to decrease cardiac index, with sys- 
temic resistance actually increasing slightly before by- 
pass. This anesthetic depression of myocardial pump- 
ing function was not sufficient to increase either left 
or right atrial filling pressure. By using enflurane, 
hemodynamic response to sternotomy was elimi- 
nated. In contrast to use of inhaled anesthetics alone, 
(6,17,18), mean blood pressure for the group in- 
creased only to normal at 1 hr postoperatively. Two 
patients needed vasodilator therapy in the early post- 
operative hours, compared to nearly all those after 
anesthesia with inhaled agents given alone. Fentanyl 
provided effective postoperative analgesia. 


Myocardial Oxygenation 


The initial major decrease in cardiac work continued 
throughout surgery and anesthesia as heart rate, blood 
pressure, and cardiac output remained constant. Hence 
on induction, oxygen content of coronary venous blood 
increased 30% and remained elevated until bypass. 
Thus, calculated left ventricular MVo, decreased and 
remained so throughout anesthesia. With greatly di- 
minished cardiac work, less oxygen was needed by 
the myocardium and globally less was extracted from 
the coronary circulation, but no conclusions on re- 
gional supply are possible. 

An indication of oxygenation can be obtained from 
examining lactate exchange across the myocardium. 
Normally, lactate is extracted in proportion to its ar- 
terial concentration (21): MLE tended to increase with 
increase in arterial lactate content before bypass. After 
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bypass, myocardial lactate extraction remained below 
the 32% awake level in spite of a much elevated ar- 
terial content. Either cellular uptake was diminished 
or the cells were producing more lactate, which ap- 
peared in CS blood. More lactate was present in CS 
than in arterial blood in one patient after chest closure, 
in another patient at 1 hr, and in two patients at 24 
hr. No ECG or other evidence of ischemia was ob- 
served in these patients, and this greater amount of 
lactate in CS blood may have been due to lactate formed 
during cold cardioplegic arrest. Oxygen balance was 
preserved before bypass, as evidenced from only one 
instance of lactate production (after induction) in all 
ten patients at the four study periods. 

This study of fentanyl-enflurane-oxygen and our 
previous study of enflurane-oxygen (6) both docu- 
mented preservation of myocardial oxygenation dur- 
ing steady, mild hemodynamic depression. Rydvall 
et al. (16), however, have reported that enflurane- 
nitrogen-oxygen anesthesia has potent coronary va- 
sodilating effects and hence may induce myocardial 
ischemia. Several real differences in their protocol from 
ours seem sufficient to account for the opposite find- 
ings and conclusions. First is that almost all of their 
patients were taking neither £- nor calcium-blocking 
drugs, compared to full B-blockade in ours. They 
probably produced a deeper anesthetic state: "A sta- 
ble end-tidal concentration of 1.4%” for "approxi- 
mately 30 minutes after intubation" before their sec- 
ond study. Our second study was after 10 min and 
before intubation. Deeper anesthesia is shown by their 
50% decrease in mean arterial pressure (27% in ours) 
and 41% decrease in systemic resistance (ours, no 
change). Another real difference between the studies 
was that their Fio, throughout was 0.3 with 70% ni- 
trogen, while we gave only oxygen. They showed that 
enflurane can be a potent peripheral and coronary 
dilator and produce myocardial ischemia, if enough 
is given. Our studies showed that enflurane-oxygen 
and moderate dose fentanyl plus enflurane can achieve 
mild but steady hemodynamic depression and effec- 
tively avoid ischemia. 


Coronary Blood Flow and Resistance 


Left coronary flow in these awake, sedated patients 
averaged 113 + 31 ml/min, levels we regularly find 
at that time in similar studies (5,6,17,18). Coronary 
flow varied considerably from patient to patient, but 
in general correlated with blood pressure. Because of 
the wide standard deviation in coronary blood flow 
measurements, the decrease to 91 ml/min after in- 
duction was not statistically significant. After the pe- 


52 ANESTH ANALG 
1986;65:46—52 


riod of cardioplegia and with the bypass grafts, CBF 
immediately after bypass was back to awake levels; 
next morning it was higher than preoperative:yy. We 
saw no change in total coronary vascular resistance 
with induction, which has been our usual fmding 
except for the reduction observed with isoflurane (18). 
As a calculation depending largely on CBF, CVR was 
significantly elevated after sternotomy, when CEF was 
lowest. This measure of coronary resistance is also a 
mean for the whole bed that reveals nothing about 
resistance in the local vascular beds distal to coronary 
lesions. 

In summary, the combination of fentanyl induction 
(30 g/kg), followed by enflurane—oxygen titra-ed to 
maintain mild hemodynamic depression, resul ed in 
a steady hypodynamic state in CABG patients with 
good ventricular function. Myocardial oxygeration 
before bypass was preserved, as indicated by elevated 
coronary venous oxygen content and continued myo- 
cardial lactate extraction. 
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Isoflurane-oxygen was given for induction and mainte- 
nance of anesthesia to ten patients having coronary artery 
bypass grafts. All had preserved ventricular function with- 
out hypertension or other cardiac lesions; treatment with 
B-blocking drugs was maintained until the operation in all 
patients. Cardiac output, arterial and central pressures, 
coronary sinus (CS) blood flow, arterial and CS oxygen, 
Hb, and lactate contents were measured before, six times 
during, and twice after anesthesia. On induction, systolic 
arterial pressure was purposely reduced 33% along with 
systemic resistance by increasing the concentration of iso- 


Myocardial oxygen balance during anesthesia is of 
critical importance in all patients, but especially in 
patients with coronary artery disease. As the newest 
major inhalational agent, isoflurane (1) must be com- 
pared in this respect with the other two potent in- 
halation anesthetics, halothane (2) and enflurane (3), 
and with intravenous anesthesia with fentanyl (4). 
Sybert et al. (5) raised the question of whether iso- 
flurane may be detrimental to myocardial oxygen- 
ation, after documenting its coronary vasodilating ac- 
tion in dogs. Gelman et al. (6) also saw in the dog 
that myocardial blood flow increased with isoflurane, 
despite reduction of blood pressure and cardiac out- 
put, indicating coronary vasodilation with a possible 
"steal effect." In 1983 Reiz et al. (7) found that iso- 
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flurane; cardiac index, heart rate, and coronary flow did not 
change. Coronary resistance decreased 23% and CS oxygen 
content increased 56%; but in three of ten patients myo- 
cardial lactate production took place, evidence of global is- 
chemia. Induction of anesthesia was not smooth in three 
patients. Controlled hemodynamic depression could be 
maintained with tsoflurane-oxygen, but the frequency of 
myocardial lactate production before and after perfusion was 
greater than with other general anesthetics. Isoflurane di- 
lated portions of the coronary bed but, because anaerobic 
metabolism occurred concomitantly, the theory that redis- 
tribution of flow can take place resulting in ischemic areas 
of ventricle is supported. 


Key Words: ANESTHETICS, voLariLE—isoflurane. 
SURGERY, CARDIOVASCULAR. 


flurane was a potent coronary vasodilator in humans. 
In patients with coronary disease having major vas- 
cular operations, 1% isoflurane decreased coronary 
resistance, blood pressure, and cardiac output. Ten 
of 21 patients developed ECG or metabolic evidence 
of myocardial ischemia. In patients having coronary 
artery bypass grafts (CABG), Larsen et al. (8) found 
similar hemodynamic changes without ischemia, on 
induction with isoflurane—nitrous oxide, but later, on 
sternotomy, three of ten hearts showed global an- 
aerobic metabolism. We have reported hemodynamic 
effects and effects on coronary sinus blood flow (CBF), 
myocardial oxygen consumption (MVo,) and lactate 
extraction (MLE) of halothane or morphine (2), en- 
flurane (3), and fentanyl (4) anesthesia in patients 
having CABG. We now add a study of the myocardial 
metabolic effects and the hemodynamic effects of iso- 
flurane-oxygen anesthesia in ten patients having CABG 
surgery before induction of anesthesia, through anes- 
thesia and for 24 hr postoperatively. Our evidence 
supports the conclusion that isoflurane can cause 
coronary vascular dilation and can compromise myo- 
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cardial oxygenation in patients with coronary zrterial 
disease. 


Methods 
Patients Studied 


Eight males and two females signed informed ccnsent 
to the study that was approved by the institctional 
Ethics Committee. The patients’ mean age was 54.8 
yr (range 37-67), and weight 78.1 kg (range 63.5-93.2). 
NYHA disability was class II in two, III in six, and IV 
in two patients; six had known infarctions. All pa- 
tients were candidates for CABG with ventricular 
function preserved, although nine had hypokinetic or 
akinetic areas. An average of 2.8 coronary arterial grafts 
(range 1-5) were inserted. At cardiac catheterization, 
cardiac index (CI) averaged 2.61 L-min™'-m~? (-ange 
1.60—3.40), left ventricular and diastolic pressure 14.7 
mm Hg (range 9-22), and ejection fraction 0.61 (ange 
0.50—0.83). All patients were normotensive. Until the 
operation all patients were treated with effective doses 
of B-adrenergic blocking drugs (predominantly pro- 
pranolol); one was also taking digoxin and a diuretic 
and another a diuretic. Three had been treated with 
nifedipine, which was discontinued 48 hr preooera- 
tively and replaced with nitroglycerin paste. 


Investigative Protocol 


Premedication was with diazepam, 11.5 mg (range 
10-15) and morphine, 15.2 mg (range 12-20). To en- 
hance sedation in the operating room, additional in- 
travenous diazepam, 5.5 mg (range 2.5-10) was g ven. 
Under local anesthesia a 20-gauge radial arterial -ath- 
eter was inserted, followed by insertion of two -her- 
modilution catheters through the right internal jug- 
ular vein: one was placed in the pulmonary arter” (9), 
the other was manipulated into the mid-coronary si- 
nus with fluoroscopy and its position adjusted by 
injecting contrast medium (10). By thermodilu ion, 
the latter catheter measures total CBF, almost all of 
which is left coronary inflow (11) and enables sam- 
pling of venous outflow from left ventricular muscle. 

After a quiet period after instrumentation, the zon- 
trol data were obtained with the patient breathing air. 
Each study period included measurements of cardiac 
output (duplicate) and CBF, as well as measurements 
of arterial and central pressures, recording of ECG 
lead V, obtainment of arterial and coronary sinus CS) 
blood samples for measurement of oxygen saturation 
and hemoglobin (by co-oximetry), and lactate con- 
centration (Boehringer Mannheim, Canada, L-d.). 
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Studies were repeated after induction of anesthesia, 
after intubation, before and after sternotomy, twice 
after cardiopulmonary bypass, and at 1 and 24 hr 
postoperatively. Calculated data (12) included MVo,, 
oxygen consumption of the left ventricle: the product 
of CBF and the arterio-CS difference of oxygen con- 
tent, and MLE, the amount of arterial lactate extracted 
by ventricular muscle, i.e., arterial-CS lactate differ- 
ence divided by arterial lactate content, expressed in 
percent. Analysis of variance and paired t-tests were 
used to determine statistical significance. A P value 
of less than 0.05 was considered to represent 
significance. 


Anesthetic Protocol 


Induction was initiated with thiopental, average dose 
130 mg (range 100—200), followed by isoflurane and 
oxygen for an average of 12 min (range 7-17) before 
the second study. Systolic blood pressure was re- 
duced by 3076 from the awake level and maintained 
at the lower level using an inspired isoflurane con- 
centration averaging 1.76% (range 0.67—-3.8) over the 
duration of induction. Pancuronium, 0.1 mg/kg, was 
given and ventilation controlled to maintain Paco, 
(awake 43 mm Hg, after induction 45 mm Hg). After 
the postinduction study, isoflurane-oxygen was con- 
tinued in concentrations adequate to keep blood pres- 
sure slightly below normal. Two patients were given 
nitroglycerin by infusion after the poststernotomy study 
because of ST depression or elevated pulmonary cap- 
illary wedge pressure (PCWP); one patient needed 
nitroglycerin again after cardiopulmonary bypass. No 
intravenous fluids were given during induction other 
than as drug vehicle, but the usual amounts of fluids 
and blood were infused during and after the operation. 


Results 


Duration of anesthesia averaged 299 min (range 
216—400), duration of cardiopulmonary bypass (at 26°C) 
averaged 117 min (range 48-188), and aortic cross- 
clamp time averaged 44 min (range 11-86). Postop- 
eratively, the time to first response to verbal com- 
mand averaged 65 min (range 10-170) and the time 
to extubation 11.2 hr (range 3.5—24). Six patients were 
given nitroprusside for hypertension immediately after 
the 1-hr postoperative study. One patient required a 
dopamine infusion before and after another thora- 
cotomy 10 hr postoperatively for bleeding. There were 
no ECG signs of infarction after the operation; all 
patients recovered and were discharged. 


CARDIAC EFFECTS OF ISOFLURANE 


Figure 1. Heart rate, mean arterial pres- 
sure, and systemic vascular resistance be- 
fore and at eight subsequent intervals after 
induction of isoflurane-oxygen anes- 
thesia. SVR decreased only after induction. 


Figure 2. Cardiac, stroke work and stroke 
volume indices awake, during isoflur- 
ane-oxygen anesthesia, and twice post- 
operatively. Stroke work remained de- 
creased throughout. 
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Hemodynamics 


Heart rate increased after intubation and then re- 
turned to awake levels; it remained elevated after car- 
diopulmonary perfusion (Fig. 1). Mean arterial pres- 
sure (MAP) was decreased 33% on induction; it 
returned to awake level on intubation. Subsequently, 
isoflurane was used to keep MAP below awake vels 
throughout anesthesia. The decrease in MAP cn in- 
duction was due to lowered systemic resistance (SVR), 
but after intubation SVR remained at awake levels. 
The PCWP before induction averaged 16 mm Hg (cange 
11-23) and right arterial (RA) pressure averaged 10 
mm Hg (range 6-14); neither changed during the study. 

Cardiac index was stable until after sternotomy when 
it decreased slightly (Fig. 2). The CI also decreased 
toward the end of operation ard the early reccvery 
period. Stroke work index (SWI) paralleled changes 
in MAP with a decrease on induction, which contin- 
ued throughout anesthesia and surgery. Stroke vol- 
ume index remained decreased throughout enes- 
thesia and surgery. | 


Myocardial Oxygenation 


CBF in the awake patients averaged 103 + 29.7 (SD) 
ml/min (Fig. 3). It did not decrease in response to the 
decrease in MAP on induction, but it did so after 
sternotomy when MAP and CI both were reduced. 
Coronary vascular resistance (CVR) decreased 23% on 
induction but increased after sternotomy above awake 
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Figure 3. Total coronary sinus blood flow 
(CBF) and coronary vascular resistance 
(CVR) before, during, and after isoflur- 
ane-oxygen anesthesia. CBF did not de- 
crease on induction when blood pressure 
did; CVR was significantly reduced. 


24 HR 


levels at a time when CBF was at its lowest point. 
CVR was also below awake levels immediately after 
bypass. 

Oxygen content of coronary venous blood (CS0,) 
increased 56% on induction and remained elevated 
until sternotomy (Fig. 4). It was also above prein- 
duction levels 24 hr postoperatively. MVo; decreased 
on induction as the arterio—CS difference in oxygen 
content decreased; MVO, was below awake level both 
before and after bypass. 

Arterial lactate levels increased on induction and 
continued to increase before bypass; both arterial and 
CS lactate levels were elevated after bypass (Fig. 5). 
Mean MLE decreased to 6% on induction, but then 
remained at 25% until cardiopulmonary bypass. 
However, individual patients showed wide variations 
in lactate exchange. One patient in whom there was 
myocardial lactate production when awake had an 
even greater amount of production after induction; 
extraction appeared after intubation and continued 
thereafter. Two other patients had myocardial lactate 
production on induction; in one it lasted through in- 
tubation. Myocardial lactate production occurred in 
two patients early after bypass and in two others after 
chest closure, with one heart still producing lactate 1 
hr postoperatively. When awake, 1-mm ST segment 
depression in the V5 lead was present in three pa- 
tients, and in two patients 2-mm depression occurred. 
In two of these patients ST depression was increased 
by intubation; two others developed depression after 
sternotomy; the remaining six patients showed es- 
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MYOCARDIAL OXYGEN METABOLISM : ISOFLURANE 
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sentially no change. There was no correlation be- 
tween ST segment changes and myocardial lactate 
production. 


Discussion 


Since 1979 three groups of clinical investigators have 
made significant progress in quantitating coronary 
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blood flow and myocardial oxygen balance in hu- 
mans, as related to hemodynamic effects of the major 
anesthetic drugs. Sonntag et al. (8,13-15) have used 
the argon washin technique of measuring coronary 
flow with CS sampling, while Reiz et al (7,16-18) and 
Moffitt et al. (2-4) have utilized thermodilution CS 
catheters (10). From these multiple studies a com- 
monly accepted and applied principle has been vali- 
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dated: preservation of oxygen supply distal -o coro- 
nary lesions requires an anesthetic technique that 
prevents MVO; from increasing. Heart rate are] blood 
pressure must be kept at or below that of the quiet, 
awake state. That halothane (2,13,17) and erflurane 
(3,8) can be given to B-blocked coronary patents to 
maintain controlled hemodynamic depression and 
preserve myocardial oxygenation has been shown. 
However, enflurane anesthesia sufficiently deep to 
reduce systemic blood pressure by 50%, in non- 
B-blocked patients, can cause myocardial ischermia (18). 
Two reports (4,14) document that high-dose fentanyl 
does not always maintain a hypodynamic circulation, 
thus risking ischemia. Isoflurane must be examined 
by the same criteria relative to its appropriater-ess for 
patients with coronary arterial disease. Reiz e: al. (7) 
have reported that isoflurane reduced coronary re- 
sistance significantly in patients with coronary artery 
disease, with evidence of myocardial ischemia. Larsen 
et al. (8) also reported ischemia (lactate production) 
in three of ten CABG patients after sternotomy. Con- 
tinuing our systematic investigation of corona-y flow 
and myocardial oxygenation with different general 
anesthetics, the present study describes results ob- 
tained when isoflurane-oxygen anesthesia is used for 
patients having CABG surgery. 


Accuracy and Limitations of Our Methods 


From duplicate determinations in awake patients done 
2-3 min apart, and from comparison of our data with 
those of Reiz and Sonntag, we conclude tha- mea- 
surement of total coronary sinus flow by thermodi- 
lution is accurate. CBF essentially represents venous 
outflow from left ventricular muscle and thus, left 
coronary inflow; it changes constantly depend-ng on 
local tissue oxygen need (19). CBF is a mean global 
left ventricular flow over 20 sec, with a major influ- 
ence being arterial pressure during that pericd (4). 
Wide variations in CBF must exist in regionai flow 
distal to coronary occlusions and stenoses. The same 
limitation applies to oxygenation: blood from the 
coronary sinus predominantly reflects the greater out- 
flow from adequately oxygenated segments of left 
ventricular myocardium. In this venous blood, Bctate 
from anaerobic glycolysis in muscle distal to coronary 
lesions may not be evident. However, when CS blood 
contains more lactate than the arterial blood, wide- 
spread ischemia must be present in left ventricular 
muscle. 

All our studies have followed a uniform protocol 
and method, including careful placement of the cath- 
eter to measure total left ventricular, and not regional 
left ventricular, coronary blood flow. The patients en- 
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tering each study have been quite uniform: candidates 
for CABG with preserved ventricular function on 
B-blockade but without other complicating cardiac 
problems or hypertension. With the same principles 
and practices used for the studies of halothane, en- 
flurane, and isoflurane, comparing results in the three 
groups is possible. 


Hemodynamic Responses 


Others have published data on the circulatory effects 
of isoflurane in animals (5,20) and in humans with 
coronary disease (21). There have been three studies 
of CBF, CVR, and MVo,, correlated to hemodynam- 
ics, those of Reiz et al. (7,22) and Larsen et al. (8). In 
our present study, induction with isoflurane involved 
a mean inspired concentration of 1.76% over a mean 
of 12 min, to purposely decrease systolic arterial pres- 
sure by 30%. The latter was entirely the result of sys- 
temic vascular dilation because cardiac index and heart 
rate did not change. With this decrease in afterload 
and no change in heart rate or wedge pressure, a 
major increase in cardiac index should have occurred. 
That it did not increase supports the conclusion that 
isoflurane is a potent depressant of pumping func- 
tion. It was possible to keep blood pressure in steady 
mild depression and heart rate slow during the course 
of anesthesia, effects like those seen with halothane 
and enflurane. Cardiac index decreased only after 
sternotomy; whereas with enflurane, blood pressure 
control was due to continuously reduced cardiac per- 
formance. Stroke work with isoflurane remained well 
below that when patients were awake; similar effects 
occurred with enflurane and halothane. 

While means for the group indicate satisfactory 
hemodynamic control after induction with isoflurane, 
induction was not always smooth compared to in- 
ductions with halothane and enflurane: three patients 
developed a hyperdyriamic circulation. One of these 
three patients, one whose nifedipine had been dis- 
continued, had a severe increase in blood pressure, 
heart rate, and PCWP in the first 5 min. It took ten 
more minutes of high concentration of isoflurane to 
produce a 25% decrease in systolic arterial pressure 
below awake level. The second patient, bradycardic 
initially, developed a sudden tachycardia to 130 
beats/min with ST depression (3 mm) but without 
hypertension during induction. After a 16-min in- 
duction, with a high concentration of isoflurane, the 
desired reduction in systolic pressure was finally 
achieved, with the heart rate slowed to 108 beats/min. 
In the third patient, PCWP increased precipitously 
early in induction without change in blood pressure 
or heart rate; PCWP gradually decreased to awake 


CARDIAC EFFECTS OF ISOFLURANE 


level (18 mm Hg) after intubation. Two other patients 
studied using this protocol were excluded from group 
analysis: one was hypertensive preoperatively and 
the other was taking only nifedipine. Both still had 
hyperdynamic circulations after induction. Although 
during this period, local practice included discontin- 
uing calcium blocking agents preoperatively, which 
may have affected two patients, this incidence of in- 
creases in blood pressure and heart rate has not been 
seen with any of our other anesthetic studies. We 
conclude that isoflurane alone is not satisfactory for 
induction of anesthesia in patients with coronary ar- 
tery disease even after thiopental. 


Myocardial Oxygenation 


Several aspects of induction with isoflurane-oxygen 
are strikingly different compared to halothane and 
enflurane. First is that CBF decreased a statistically 
insignificant 16% at a time when mean blood pressure 
was reduced 33%. Like cardiac index, CBF remained 
unchanged, so calculated coronary resistance de- 
creased a significant 23% (P « 0.05). CVR later in- 
creased as CBF was reduced after sternotomy. We 
have not documented a significant decrease in coro- 
nary vascular resistance with any other anesthetics 
(2-4). 

A second difference from other agents given alone 
(2-4) is the much larger increase (56%) in oxygen con- 
tent of CS blood after induction, which elevation con- 
tinued through sternotomy, unlike the changes in C50; 
content seen with other anesthetics. In addition to 
less oxygen extracted due to reduced cardiac work, 
the coronary bed that could dilate during isoflurane 
anesthesia apparently did so, keeping CBF at awake 
level in spite of reduced perfusing pressure. The de- 
crease in MVO; with isoflurane was present also with 
halothane and enflurane. 

The third dissimilarity with isoflurane is the greater 
incidence of evidence of myocardial ischemia, i.e., 
lactate production. Three patients had myocardial lac- 
tate production after induction with isoflurane com- 
pared with one of ten induced with fentanyl (4), one 
of twelve induced with halothane (2), and none when 
induction was with enflurane (3). The incidence of 
ischemia at subsequent study times throughout anes- 
thesia with isoflurane was also greater than with the 
other agents. Two of the three patients previously 
described with stormy inductions showed myocardial 
lactate production in the presence of C5 oxygen con- 
tents after induction that were 55 and 90% greater 
than when awake. A portion of their coronary bed 
must have been widely dilated, but areas of muscle 
must have had insufficient oxygen, with anaerobic 
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glycolysis. Presumably these were muscle segments 
distal to coronary lesions that were unable to dilate. 
This supports the thesis that coronary steal can occur 
with isoflurane. 


Comparison with Other Evidence 


The three other studies (7,8,22) of hemodynamic func- 
tion and myocardial oxygenation during isoflurane 
anesthesia are not directly comparable to ours due to 
differences in protocol. Reiz et al. (7) gave 70% nitrous 
oxide during induction, but after intubation adjusted 
Fio, with nitrogen to maintain arterial oxygen tension 
at preanesthetic levels. Their study was after 30 min 
of 1% end-tidal isoflurane, following intubation. Our 
study was before intubation after 12 min of 1.76% 
inspired isoflurane with oxygen. They found de- 
creases in MAP, CI, PCWP, and SVR, with an increase 
in heart rate. CBF did not change, so CVR decreased 
26%; MVO, and MLE both decreased. Evidence of 
ischemia consisting of ST depression or T-wave in- 
version appeared in 10 of 21 patients. This suggested 
regional ischemia due to reduced perfusing pressure 
and coronary flow redistribution. Other differences 
between their study and ours include that our patients 
were premedicated before instrumentation and were 
receiving larger doses of 8-blocking drugs, with slower 
pulse rates when awake. However, both studies found 
global left ventricular ischemia: 10 of 21 in one study 
and 3 of 10 patients in the other, with the anesthetic 
agent seemingly the most likely cause in both. 

Reiz and Ostman (22) have also studied the effects 
of isoflurane (1.5 MAC) given with 70% nitrous oxide 
for approximately 45 min to patients with ischemic 
heart disease. MAP decreased 45%, SVR 40%, and CI 
17%. CSF was unchanged, but CVR decreased 40%. 
seven of 11 patients developed ST segment changes, 
with lactate production seen in one patient. This pro- 
tocol also differed from ours in the greater length and 
depth of anesthesia (greater reduction in MAP), the 
lesser Fio, (30% Oz) and the presence of nitrous oxide 
with its additive detrimental effects on hemodynamic 
function (23,24). 

In the protocol of Larsen et al. (8), nitrous oxide, 
which was given throughout, might also have had 
significant detrimental effects on both hemodynamics 
and myocardial oxygenation. On induction they saw 
decreases in MAP (24%), CI (19%), CBF, and MVo;, 
with an increase in heart rate. During sternotomy, 
CBF and MVo; increased to preinduction levels. Three 
of ten myocardia produced lactate, the same incidence 
as ours. While all of these three protocols involved 
PaO, considerably less than that in our patients re- 
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ceiving oxygen, myocardial ischemia occurred in all 
three studies. Ischemia was not due primarily to the 
level of inspired oxygen. 


Was It the Drug or the Study Protocol? 


A pertinent question is whether myocardial ischemia 
found in these studies was due to the isoflurane alone 
(a drug effect) or to the ways that it was given (the 
study protocol) or to a combination of both factors. 
In studying effects of inhaled anesthetics on human 
hemodynamic function, one can give a fixed concen- 
tration (e.g., 1 MAC) for a set time (e.g., 30 min) and 
measure effects (e.g., MAP, CI, CBF, CS oxygen and 
lactate contents). This was the method followed by 
Reiz et al. We followed an alternate method of ziving 
the anesthetic agent to a specific end-point effect (30% 
decrease in systolic arterial pressure from awake level), 
thus using different concentrations for each patient's 
induction. 

The hemodynamic changes in the studies by Reiz 
et al. were greater than in our postinduction state, 
which would create more potential for procucing 
coronary vasodilation and possibly ischemia. Other 
factors may have influenced their incidence o7 isch- 
emia: relative absence of B-blockade, the 30% inspired 
oxygen concentration, and nitrous oxide (when used). 
So the magnitude of hemodynamic change resulting 
from the protocol possibly was responsible for the 
effects on myocardial oxygenation. 

Can the same conclusion be made relative -o our 
study protocol? We are not all sure. We stud ed as 
uniform a group as possible: patients needing vein 
grafts but having good ventricular function. Because 
a decrease in blood pressure is commonly produced 
on induction in these patients, a 30% decreas2 was 
chosen as a reasonable, clinical end-point, fixed for 
each, because the anesthetic concentration wes not 
uniform. In addition, all our previous data veri-y the 
safety of that end-point for myocardial oxygen bal- 
ance in this patient population. With this moderate 
change in blood pressure from isoflurane in oxygen, 
myocardial lactate production occurred in three pa- 
tients. This is three more than seen with enflurane 
given under the same protocol, with the same 30% 
reduction in blood pressure on induction. It cannot 
be accepted that the evidence of ischemia in ovr pa- 
tients was predominantly due to the way it was given. 
Isoflurane, in concentrations not producing severe 
hemodynamic depression, has the capability of dilat- 
ing the coronary vascular bed in coronary pa-ients 
with preserved ventricular function. 

Although isoflurane produced these findings when 
given alone, the drug is not generally used alone in 


MOFFITT ET AL. 


cardiac patients. When combined with other agents 
such as moderate-dose fentanyl, it quite possibly will 
show the same stable control of hemodynamics and 
preservation of myocardial oxygenation, in this class 
of patient, as we have found with fentanyl-enflurane 
(25) and fentanyl-halothane (26). That study is in 
progress. 


oummary 


We found that isoflurane-oxygen alone is not ideal 
for therapeutic depression of the circulation during 
induction in premedicated patients undergoing CABG 
surgery. Although it was possible to maintain steady 
hemodynamic depression during anesthesia, isoflur- 
ane-oxygen decreased coronary resistance signifi- 
cantly, and evidence of ischemia (myocardial lactate 
production in 3096 of patients) indicated that signif- 
icant myocardial oxygen deficiency can occur. 
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Pulmonary Vascular Responses to Nitrous Oxide 


in Newborn Lambs 
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EISELE JH Jr, MILSTEIN JM, GOETZMAN BW. 
Pulmonary vascular responses to nitrous oxide in 
newborn lambs. Anesth Analg 1986;65:62—4. 


The hemodynamic effects of NO and NO plus hypoxia 
were studied in six lambs (0-3 days of age) that were in- 
strumented with pulmonary artery flow probes ard cathe- 
ters, as well as aortic and left atrial catheters. N,O was 
administered to the awake lambs through a mask in ritxtures 
of 75% N2O:25% O; and 75% N2O:11% O2:14% N3. Pul- 
monary arterial pressure and resistance increased signifi- 


Nitrous oxide has been shown to have phys ologic 
effects on the cardiovascular system. In addifion to 
direct myocardial depression (1), nitrous oxide causes 
sympathetic stimulation by increasing sympzthetic 
outflow from the brain (2) and by inhibiting norepi- 
nephrine removal by the lung (3). In adult amimals 
the increase in sympathetic activity counterba ances 
the myocardial depression and also alters or inczeases 
systemic and pulmonary vascular resistance. 

Because the newborn has a relatively thick aad re- 
active muscular medial layer in pulmonary arterioles 
(4), its pulmonary vasculature may be more respon- 
sive to nitrous oxide than that of adults. This could 
have important clinical implications in anesthetized 
newborns because an increase in the pulmonary vas- 
cular resistance (PVR) may be beneficial to prerrature 
neonates with low PVR and a left-to-right shunt across 
a patent ductus arteriosus, whereas such an increase 
in PVR may be detrimental to the more mature neo- 
nate with the persistent pulmonary hypertension syn- 
drome or to the newborn in whom the PVR hes not 
yet decreased. 

Because the pulmonary vascular effects of nitrous 
oxide have not been evaluated in newborns, we stud- 
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cantly upon exposure to N,O both during normoxia and 
hypoxia, and nitrous oxide also significantly elevated left 
atrial pressure and decreased pulmonary artery blood flow 
during normoxia. Aortic pressure was essentially un- 
changed by nitrous oxide. The data indicate that in newborn 
lambs the pulmonary vasculature responds to N.O with 
vasoconstriction. 


Key Words: ANESTHETICS, Gases—nitrous oxide. 
LUNG—blood flow. HYPOXIA—pulmonary vascu- 
lar response. 


ied the pulmonary vascular response to nitrous oxide 
in newborn lambs with both normal and elevated PVR. 


Materials and Methods 


Six newborn lambs (0-3 days of age) were calmed 
with a blindfold, placed under halothane anesthesia 
by mask, intubated, and ventilated with a Baby Bird 
Respirator. Utilizing sterile surgical technique, a jug- 
ular venous catheter was placed. A left thoracotomy 
was then performed, followed by placement of cath- 
eters in the main pulmonary artery, left atrium, and 
aorta, while an electromagnetic flow probe was fitted 
on the main pulmonary artery. The ductus arteriosus 
was noted to be closed in each lamb. The catheters 
were flushed with a heparinized solution, plugged, 
and tunneled subcutaneously along with the flow probe 
cable and exited at an interscapular site, where they 
were secured in a mesh pouch. 

After recovery (1-2 days), studies were performed 
on each lamb while it was awake and blindfolded in 
a sling restrainer apparatus. Gas mixtures were ana- 
lyzed and delivered via a plastic headmask at flows 
high enough to prevent rebreathing. Continuous 
measurement of the mean pulmonary arterial pres- 
sure (PPA), mean left atrial pressure (PLA), mean aortic 
pressure (PAO), and mean pulmonary blood flow 
(QP) was performed. 

The baseline PVR was normalized by delivering a 
25% oxygen mixture balanced with nitrogen (25:75) 
or elevated by delivering an 11% oxygen mixture bal- 


— 


N20 INCREASES PULMONARY VASCULAR PRESSURE 


Table 1. Hemodynamic Data Averaged for 6 Lambs (+SEM) 
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Control N3O (7596) Hypoxia N20 (75%) plus hypoxia 
Pra (mm Hg) mean 24.1 + 32 29.0 + 4.0 40.3 + 6.6 47.8 + 57 
(change) (+ 20.3%)? (+ 18.695)" 
Op (L-emin7~}-kg~') mean 0.180 + 0.031 0.146 + 0.024 0.256 + 0.034 0.263 + 0.036 
(change) (—18.8y (-- 2.796) 
PVR (R units) mean 116.4 + 22 157.7 + 27 157.5 + 22 185.7 + 24 
(change) (+35%)* (+ 18%) 
Pao (mm Hg) mean 73.5 + 4 71.6 + 3 76.7 + 4 76.5 + 3 
(change) (— 2.596) (-0.2%) 
FLA (mm Hg) mean -03+ 2 +2.51 -0.2 + 2 +1.4 + 1.1 
ap < 0.01. 
*P < 0.02. 
«P < 0.05. 


Abbreviations: Pra, pulmonary artery pressure; Qr, pulmonary blood flow (cardiac output); PVR, pulmonary vascular resistance; Pao, aortic pressure, 


FLa, left atrial pressure. 


enced with nitrogen (11:89). The PVR was determined 
in the classical fashion as mean PPA minus mean PLA 
divided by mean Qr. The pulmonary vascular re- 
sponse to nitrous oxide was assessed in the lambs 
under normoxic conditions using an oxygen:nitrous 
oxide mixture (25:75) and under hypoxic conditions 
using an oxygen:nitrous oxide:nitrogen mixture (11: 
75:14). 

Lambs were randomly given two exposures of each 
gas mixture with sufficient time between exposures 
for hemodynamic recovery. The data for repeat ex- 
posures was averaged for each lamb and shown on 
Table 1 as the mean values for six lambs for each 
variable with the standard error of the mean. Statis- 
tical analysis was performed using a two-tailed non- 
parametric test (Wilcoxin signed ranks) incorporating 
the data from all exposures. Significance was estab- 
lished at P values less than 0.05. 


Results 


The six lambs studied under normoxic conditions had 
arterial oxygen tensions greater than 60 torr. Base- 
line mean PPA was 24.1 + 3.2 torr; the mean PVR, 
116.4 + 22 resistance (R) units; mean PLA, —0.3 torr; 
mean Qr, 0.180 + 0.03 Lmin~4kg~1; and mean Pao, 
73.5 + 4 torr. The mean PPA increased to 29.0 + 4.0 
torr (P < 0.01), PVR increased to 157.7 + 27 R units 
(P < 0.01), PLA increased to + 2.9 torr (P < 0.05), and 
Qp decreased to 0.146 + 0.02 Lmin ^ Lkg^! (P < 
C.05), whereas PAO changed only from 73.5 + 4 to 
71.6 + 3 torr during nitrous oxide (Table 1). 

Under alveolar hypoxic conditions the lambs had 
mean arterial oxygen tensions of 31 torr. Baseline mean 
Ppa was 40.3 + 6.6 torr; mean PVR, 157.5 + 22 R 
units; mean PLA, —0.2 torr; mean QP, 0.256 + 0.03 
Lmin~?-kg~?; and mean Pao, 76.5 + 3 torr. During 
nitrous oxide exposure-the PPA increased to 47.8 + 


5.7 torr (P < 0.02) and PVR increased to 185.7 + 24 
R units (P < 0.02) whereas the other hemodynamic 
variables did not change significantly (Table 1). The 
ductus arteriosus remained closed after the studies in 
all lambs. 


Discussion 

Nitrous oxide increased the PPA and PVR in both 
normoxic and hypoxic newborn lambs. This pulmo- 
nary vasoconstrictor action may be due to the sym- 
pathetic effects of nitrous oxide, which have been 
shown to increase sympathetic outflow from the brain 
(2) and to inhibit removal of norepinephrine by the 
lung (3). The calculated increases in PVR were larger 
during the normoxic N;O exposure (+ 35%) than the 
hypoxic N5O exposure (+18%) because during nor- 
moxia, N?O produced a decrease (— 1996) in cardiac 
output. This decrease in cardiac output may have been 
due to direct myocardial depressant effects of nitrous 
oxide during normoxia. This is supported by the in- 
crease in PLA during nitrous oxide. This did not occur 
during hypoxia when nitrous oxide was added. In 
fact, hypoxia alone increased cardiac output 42%, pre- 
sumably due to its sympathetic effect. This could have 
masked any negative inotropic influence of nitrous 
oxide. 

The nitrous oxide induced increase in transpul- 
monary vascular pressure (PPA—PLA) was greater dur- 
ing hypoxia than during normoxia (15% vs 8.6%) even 
though the PPA was considerably high during hy- 
poxia before nitrous oxide was added. The cardiac 
output, however, did not change appreciably when 
nitrous oxide was added to hypoxia. Consequently, 
the calculated pulmonary vascular resistance in- 
creased with the addition of nitrous oxide to hypoxia 
but not to the same extent as when nitrous oxide was 
added to normoxia. In essence, nitrous oxide in- 
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creased Ppa during normoxia and decreas2d QP 
whereas during hypoxia, it increased PPA to a greater 
degree but did not change QP. This observatian does 
not clarify the mechanism by which nitrous oxide 
produces pulmonary vascular vasoconstrictior, but it 
suggests that nitrous oxide acts in a similar and ad- 
ditive manner to hypoxia. 

These findings are consistent with those observed 
in adult human patients with coronary artery disease 
(5) or moderate pulmonary hypertension secondary 
to mitral valve disease (6). In an elegant study, 16 
patients with coronary artery disease with normal 
pulmonary dynamics were compared to 16 patients 
with mitral valve disease with elevated pulmonary 
artery pressures. The two groups differed in taat the 
latter. showed increases in pulmonary arterial and 
wedge pressures when nitrous oxide was introduced 
(7). In another study of patients with coronary disease 
and normal resting pulmonary artery blooc pres- 
sures, there was no pulmonary vascular response to 
nitrous oxide (8). However, in that study nitrous ox- 
. ide was used in conjunction with diazepam, which 
may have attenuated any sympathetic responce. Our 
findings are in contrast with the findings repcrted in 
newborn piglets in which 75% nitrous oxide did not 
produce significant pulmonary hemodynamic changes. 
Unlike our study, pentobarbital, a central and zardiac 
depressant, was administered prior to nitrous oxide 
exposure. 

Nitrous oxide appears to have both direct 2ulmo- 
nary vasoconstrictor action, and to a lesser 2xtent, 
myocardial depressant effects in newborn lambs These 
observations are supported by clinical reports. In chil- 
dren with increased pulmonary blood flow, 75% ni- 
trous oxide significantly increased pulmonary artery 
‘blood pressure and pulmonary vascular resistance (9). 
In one infant with a ventricular septal defect, a patent 
foramen ovale, and infundibular stenosis, adminis- 
- tration of nitrous oxide converted a left-to-righ- shunt 
to ‘a bidirectional shunt. In another case, cardiovas- 
cular collapse occurred after the addition of aitrous 
oxide to the anesthetic in a 1-yr-old infant wno had 
a right ventricular pressure of 82 torr secondary to 
anomalous pulmonary venous drainage (10). Whether 
or not similar effects occur in normal human neonates 
is unknown at this time, but. caution is recommended 
when utilizing N;O in human neonates wh» have 
evidence of persistent elevation of their pulmonary 
vascular resistances or myocardial dysfunction. 

Human neonates are exposed to nitrous ox.de not 
only directly during surgical procedures but also in- 
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directly in the intrapartum period when N20 may be 
administered to mothers in labor. An increase in PVR 
could be beneficial to the premature neonate with a 
left-to-right shunt across a patient ductus arteriosus. 
On the other hand, NO might be detrimental to the 
premature neonate with respiratory distress syn- 
drome and ventilation-perfusion inequalities, or to . 
the more mature neonate with pulmonary hyperten- 
sion and the persistent fetal circulation syndrome, as 
well as to the newborn whose PVR has not yet made 
its usual decrease, even though the degree of PVR 
could not be considered pathologic under normal cit- 
cumstances. Of course caution must be exercised when 
extrapolating results from studies on term lambs to 
premature lambs or humans. 


We would like to give special thanks for the excellent technical 
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TOUNG TJK, McPHERSON RW, AHN H, DONHAM RT, 
ALANO J, LONG D. Pneumocephalus: effects of patient 
position on the incidence and location of aerocele after 
posterior fossa and upper cervical cord surgery. Anesth 
Analg 1986;65:65—72. 


The incidence of pneumocephalus and factors contributing 
to its occurrence were studied retrospectively in 100 con- 
secutive patients who underwent posterior fossa or cervical 
cord surgery in the sitting, park-bench, and prone positions. 
Supine skull x-ray films taken immediately postoperatively 
were used to determine the presence of intracranial air. 
Surgery in the sitting position uniformly resulted in pneu- 
mocephalus (32/32 patients). Pneumocephalus also occurred 
frequently among patients in the park-bench (29/40) and 
prone positions (16/28). Intraventricular air occurred more 
frequently when patients were in the sitting position (25/32) 
than in the two cther surgical positions (3/29 and 4/16, 
respectively, P < 0.001). The high incidence of pneumo- 
cephalus and of intraventricular air that occurred when 


Tension pneumocephalus (symptomatic intracranial 
air) after posterior fossa craniotomy recently has been 
reported with increasing frequency (1-8). Although 
the incidence has been generally recognized as rare, 
the true incidence is unknown. On the other hand, 
pneumocephalus (asymptomatic intracranial air) is 
frequently demonstrated by postoperative skull- 
roentgen examination (9,10). Little information, how- 
ever, is available concerning its incidence, especially 
after posterior fossa craniotomy. In order to under- 
stand the pathogenesis of tension pneumocephalus, 
this information is important. Therefore this study 
was carried out to address this issue in patients after 
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patients were in the sitting position is attributed to the large 
amount of cerebrospinal fluid drained due to gravitational 
effect. When surgical position is considered one of the con- 
tributing factors, only position significantly affected the fre- 
quencies of pneumocephalus and intraventricular air ac- 
cumulation. None of the 77 patients with pneumocephalus 
suffered neurologic change related to the presence of intra- 
cranial air. We conclude the following: pneumocephalus 
commonly occurs after posterior fossa or cervical cord sur- 
geries, particularly when the surgery is performed in the 
sitting position; neurologic change caused by pneumo- 
cephalus is a rare complication after posterior fossa crani- 
atomy; when a patient with coexisting hydrocephalus under- 
goes surgery, if the patient is in the sitting position, there 
is an increased risk of trapping a large amount of intra- 
cranial air. 


Key Words: SURGERY, | NEUROLOGIC—pneumo- 
cephalus. ANESTHETICS, GAsEs—nitrous oxide. PO- 
SITION— pneumocephalus. 


a routine posterior fossa or upper cervical cord sur- 
gery performed in three commonly employed posi- 
tions, and to analyze the possible contributing factors. 


Materials and Methods 


One hundred consecutive patients, ages 1 month to 
76 yr, were studied. They underwent posterior fossa 
or intradural cervical spinal cord surgery performed 
in the sitting, park-bench, and prone positions from 
October 1983 to February 1985. The patients were di- 
vided into three groups and analyzed according to 
the patient's position during the surgery. In all pa- 
tients, postoperative, supine, anteroposterior, and 
lateral (horizontal beam) skull x-ray films (11,12) were 
obtained 30-120 min after surgery. X-ray films of each 
patient were evaluated by a radiologist without 
knowledge of patient's clinical course, the position 
during surgery, or the intra- or postoperative course. 


66 ANESTH ANALG 
1986;65:65~70 


Table 1. Effects of Position on Incidence 
of Pneumocephalus 








Total number 


Group Position of patients % With pneumocephalus 
1 Sitting 32 100 (32/32) 
2 Park-bench 40 73 (29/40) 
3 Prone 28 37 (16/28) 


Intracranial air distribution was classified as being one 
of the following: (12,13) fronto-parietal subdural; in- 
traventricular; suprasella; or pontine cisterns. The dis- 
tribution of intracranial air into these anatomical lo- 
cations reflects the amount of air that had ertered 
(14). 

Medical and anesthesia records were evaluated for 
the following factors (3,15,16): patient's position; hy- 
drocephalus with or without shunting procedure; ni- 
trous oxide (N;O) administration; intraoperativ2 use 
of dehydrating agent (mannitol, furosemide, or both); 
and duration of surgery. These factors were compared 
with the previously reported cases of postoperative 
tension pneumocephalus. All data were analyzed sta- 
tistically by y*-test. 


Results 


Thirty-two patients had surgery in the sitting position 
(group 1), 40 in the park-bench position (grou» 2), 
and 28 in the prone position (group 3). The ages of 
the patients in each group varied widely. There was 
no infant patient in group 1 (sitting position), prob- 
ably because of technical difficulties. 


Group 1—Sitting Position (n = 32) 


This group consisted of four cases of upper cervical 
cord surgery and 28 cases of occipital craniectcmy. 
All 32 patients developed pneumocephalus (102%). 
The incidence is significantly greater than in two cther 
positions (P < 0.05) (Table 1). In all 32 patien-s, a 
large amount of air was located in the fronto—parietal 
subdural region. In 25 of the 32 patients, air was also 
found in the lateral and third ventricles (25/32, 73%); 
in 13 patients air was found in the suprasella cistern, 
and in 4 patients in the pontine cistern (Table 2). 
Twenty-two of the 32 patients had preoperative hy- 
drocephalus (69%) but only eight patients had eicher 
ventriculoperitoneal shunt (V-P) or intraoperetive 
drainage procedures. Of these 22 patients, 17 had 
intraventricular air (17/22, 77%); in each of the re- 
maining five patients who did not have intraven-ric- 
ular air the tumor either compressed the fourth ven- 
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tricle or obstructed the aqueduct. The presence of 
intraventricular air in this position is significantly 
greater (P « 0.001) than that associated with other 
positions. In this group each developed pneumo- 
cephalus, regardless of whether the patient had ni- 
trous oxide anesthesia and received mannitol (Table 
3). The operative time in this group was 5.9 + 2.2 hr 
(mean + SD). 


Group 2—Park-Bench Position (n = 40) 


Twenty-nine patients in this group developed pneu- 
mocephalus (73%) (Table 1). In 23 patients, air was 
located in the fronto—parietal area, in five patients in 
the suprasella cistern only, and in one patient in both 
the suprasella and pontine cisterns. The aerocele in 
this group was considerably smaller than it was in 
group 1. Of the 23 patients with air in the fronto- 
parietal region, seven patients also had air in the su- 
prasella cistern, but only three patients of 29 patients 
with pneumocephalus had intraventricular air (10%, 
Table 3). As for possible contributing factors, there 
was no difference statistically in the incidence of post- 
operative pneumocephalus between patients with and 
without the factors evaluated (Table 3). 


Group 3—Prone Position (n — 28) 


There were four cases of cervical dorsal-root-entry- 
zone (DREZ) lesions included in this group. In this 
group, 16 patients (57%) developed pneumocephalus. 
All four patients with cervical DREZ developed pneu- 
mocephalus. Of the 16 patients with pneumoceph- 
alus, nine patients had air in both the frontal subdural 
and suprasella cistern, four had air in both frontal 
subdural and lateral ventricles, one had air only in 
the suprasella region, and one showed air only in the 
pontine cistern. Thus in this group four patients had 
intraventricular accumulation of air (4/16, 25%; Table 
3). Of the contributing factors studied, preoperative 
hydrocephalus and N5O anesthesia did not play sig- 
nificant roles in the development of pneumocephalus 
(Table 3). However none of the 16 patients who de- 
veloped pneumocephalus received mannitol intra- 
operatively (Table 3). Operative times were not sta- 
tistically different between patients in group 3 who 
did and those who did not develop pneumocephalus 
(5.0 + 2.2 and 5.1 + 2.4 hr, respectively, mean + 
SD). None of the 77 patients with pneumocephalus 
developed neurologic symptoms related to the pres- 
ence of intracranial air. 

Because the review of all reported cases of tension 
pneumocephalus after posterior fossa craniotomy re- 
vealed that the information for each factor was in- 
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Table 2. Distribution of Intracranial Air 
Cisternal 
ber of 
Fronto-parietal subdural Intraventricular eee ee 
Group Surgical Position (number of cases) (number of cases)" Suprasellar^ Pontine" 
1 Sitting 32/32 25/32" 13/32 4/32 
2 Park-bench 23/29 3/29 12/29 3/29 
3 Prone 10/16 4/16 10/16 3/16 


"Numbers are the number of patients wita air in the anatomic location/total number of patients with pneumocephalus. 


* P < 0.001 compared to groups 2 and 3. 


Table 3. Incidence of Pneumocephalus Related to Contributing Factors 


History of hydrocephalus 


Administration of NO Administration of mannitol 


Position Yes No Yes No Yes No 

Sitting 100% (22/22) 100% (10/10) 100% (13/13) 100% (19/19) 100% (3/3) 100% (29/29) 
(n = 32) 

Park-bench 7596 (9/12) 71% (20/28) 81% (17/21) 63% (12/19) 63% (10/16) 7996 (19/24) 
(n — 40) 

Prone 69% (6/10) 56% (10/18) 50% (11/22) 83% (5/6) 0% (0/8) 80% (16/20) 
(n = 28) 


Table 4. Comparison of the Contributing Factor of Tension Pneumocephalus between Present Study 


and Reported Cases (23) 


Duration of surgery Hydrocephalus Intraoperative Intraoperative 
(hr, mean + SD) preoperative" use of mannitol PaCO; (torr, mean + SD) 
This study bu 22 37/77 13/77 26.4 + 3.3-32.5 + 6.5 
Case reports 8.4 + 1.2 2/4 1/4 26.3 + 2.6~34 + 3.4 


‘Number of patients with contributing factor/total number of patients with pneumocephalus. 


"p < 0.05. 


complete, comparison was made only with our pre- 
viously reported cases of tension pneumocephalus 
(8). The comparison revealed that only the duration 
of the surgery differs significantly (Table 4). 


Discussion 


We have confirmed the previous finding that pneu- 
mocephalus occurs frequently in posterior fossa 
surgery performed in the sitting position (6). Ad- 
ditionally, we have shown a high incidence of pneu- 
mocephalus in patients after the surgery performed 
in park-bench and prone positions. The difference in 
position in the incidence of pneumocephalus is prob- 
ably related to the amount of cerebrospinal fluid (CSF) 
drained during surgery and also to the location of 
CSF drainage relative to the remainder of the head. 
Gravity causes a larger amount of CSF to be drained 
in the sitting position than in the other surgical po- 
sitions. This gravitational effect is more serious in the 
presence of hydrocephalus. Because an abnormally 
larger amount of CSF is present in patients with hy- 


drocephalus, a proportionally greater volume of CSF 
can be drained. Therefore in the presence of hydro- 
cephalus, there is increased potential for accumula- 
tion of a large amount of air. The additive effect of 
hydrocephalus to the sitting position is seen in the 
significantly higher incidence of intraventricular air 
accumulation in the group 1 patients than patients in 
the two other groups (P « 0.001). It appeared that 
when surgery is performed with patients in the sitting | 
position, hydrocephalus tends to augment the en- 
trainment of larger air volume. 

The mechanism of air entrainment can best be ex- 
plained by the principle of positional and anatomic 
relations utilized during pneumoencephalography. The 
sitting position employed for posterior fossa crani- 
otomy is analogous to the position for pneumoven- 
triculography (14); i.e., the neck is moderately flexed 
in a seated position, and air is introduced through a 
cisterna puncture. Unless there is an aqueductal ob- 
struction, such as noted in five patients with ob- 
structing hydrocephalus, air passes into the vallecula 
and then into the ventricular system as CSF is drained. 
The passage through which air moves in the sitting 
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position explains why there is a higher incidence of 
intraventricular air in this position than in the other 
surgical positions. Air may also enter anteriorly and 
pass into ventral cisterns and escape into supraten- 
torial regions. The latter, however, is more liEely to 
occur in the lateral (park-bench) or supine position. 

Although in the park-bench position the Fead is 
only slightly elevated (5-10°), the craniotomy site is 
dependent (at the base of the skull). By way of an 
inverted bottle phenomenon (2,3), air passes up to 
vertex while CSF is lost through the craniotomy. Be- 
cause the gravitational effect is less, and subsequently 
a lesser amount of CSF is drained, one should 2xpect 
a smaller amount of air to be entrapped. Of 40 patients 
with the surgery performed in the park-bencl posi- 
tion, 29 patients had a small amount of intracranial 
air (73%), and in only three patients was there as- 
sociated intraventricular air. 

In the prone position, the vertex is located lower 
relative to the operative site than in the other posi- 
tions. Theoretically, no air can enter the cranium. 
However, 16 of the 28 patients (57%) with surgery in 
this position had air demonstrated postopera-ively, 
and four had air in the lateral ventricles. It is inter- 
esting to note that all four patients with cervical cord 
surgery performed in the prone position developed 
pneumocephalus. It is probable that during surgery 
the cisterna magnum became filled with air that en- 
tered as CSF was removed by surgical suction. When 
the cisterna magna is filled with air to the lower aspect 
of the vermis, air may then pass into the vallecula 
and on into the ventricles (14). If only a small amount 
of air is trapped in the cisterna magnum, the at may 
escape to the ventral and to supratentorial subdural 
areas once the patient is returned to a supine position. 

Although we have demonstrated pneumocerhalus 
in a large number of patients, none of the patients 
developed symptoms of tension pneumocepaalus. 
Several factors have been implicated in the patho- 
genesis of the aerocele producing tension effect 
(3,15,16). These are the following: size of volume of 
intracranial air collection; a functioning V-P shunt; 
surgical position of patient; N;O administratior; and 
intraoperative administration of a dehydrating egent. 
Additionally, in this study we have assessed two other 
factors: duration of surgery and position of the head 
in the postoperative period. 

The volume of air entrapped intracranially :s dif- 
ficult to quantitate. Monajati et al. (17), assistad by 
computerized tomography (CT), estimated suEdural 
air to be more than 65 cn? in two symptomatic (ten- 
sion) patients, and less than 20 cm? in four asymp- 
tomatic patients. They suggested that the size o= sub- 
dural pneumatoma is an important differential berween 
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tension and benign pneumocephalus. Because none 
of our patients had pneumocephalus evaluated by CT 
study, in vivo estimation of air volume was difficult 
though not impossible. In some of our sitting patients 
with coexisting hydrocephalus, bilateral intraventric- 
ular as well as bifrontal subdural air was seen, and it 
could be reasonably estimated to be more than 65 cm?. 
However, none of our 32 patients with large amounts 
of intracranial air after posterior fossa craniotomies in 
the sitting position subsequently developed tension 
effects. Therefore explanation of the etiology of ten- 
sion by large volume of air alone is not entirely 
satisfactory. 

Continued administration of N-O after the closure 
of dura has been theorized to increase intracranial 
pressure (4,6,7,18—20). The mechanism is thought to 
be due to expansion of the entrapped air volume. 
Although this effect is easily explainable intraopera- 
tively, intracranial air that caused tension several hours 
after N.O administration had been discontinued is 
difficult to explain on this basis. Of 77 patients with 
pneumocephalus, none of the 42 patients given N;O 
during surgery developed postoperative neurologic 
symptoms attributable to pneumocephalus. 

Presence of a V-P shunt has been postulated to act 
as a buffer against development of cranial tension (3). 
This beneficial effect, however, was not substantiated 
by our study. The number of patients with V—P shunts 
was low (group 1, 10/32; group 2, 2/40; group 3, 3/28) 
relative to incidence of pneumocephalus, and none 
of those patients became clinically symptomatic (ten- 
sion pneumocephalus). Furthermore, obstruction of 
V—P shunt by air bubbles (airlock) may even negate 
the buffering effect. Presence of V-P shunt, therefore, 
does not appear to be relevant to the development of 
cranial tension or the accumulation of intracranial air. 

Intraoperative use of dehydrating agents is fre- 
quently mentioned as a contributing factor to the de- 
velopment of tension pneumocephalus. The present 
study did not demonstrate that this factor has an effect 
on the development of pneumocephalus, except in 
group 3 patients whose surgery was performed in the 
prone position. In this position, all cases of pneu- 
mocephalus developed in patients who had not re- 
ceived mannitol, and those who had received man- 
nitol did not develop pneumocephalus. This unusual 
effect can be explained. The patients who had re- 
ceived mannitol have a less than normal amount of 
CSF and did not lose a significant amount of fluid 
during surgery. 

Two factors are believed to be important in the 
eventual development of intracranial tension with 
aerocele. One is duration of surgery and the other is 
postoperative care. It is possible with longer surgery 
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that a greater amount of CSF is drained and more 
extensive tissue injury occurs, with consequent for- 
mation of greater brain edema. Because of the pres- 
ence of the aerocele, even a slight increase in volume 
of other intracranial constituents may increase intra- 
cranial pressure, and the aerocele will become symp- 
tomatic. The length of surgery was significantly shorter 
in patients in the present study with pneumocephalus 
when compared with our four previously reported 
cases of tension pneumocephalus (8) (Table 4). This 
may explain in part why none of the patients with 
pneumocephalus become symptomatic. 

We think that the absence of symptoms related to 
the presence of intracranial air in this study can also 
be explained by the postoperative care. The change 
from the head-up to horizontal position may increase 
ICP if compensatory absorption of CSF is impaired or 
engorgement of the vascular tree occurs (21). The in- 
crease is more likely to occur when a large amount of 
intracranial air is present. All patients in this study 
were placed in a 30° head-up position postoperatively. 
This maneuver may have reduced the intracranial 
pressure and made pneumocephalus asymptomatic. 
Recently Durward et al. (22), have shown that a mod- 
erate degree of head elevation (15—30°) provides a 
consistent reduction of ICP in patients with intra- 
cranial hypertension. 

Finally, the present study has brought up an im- 
portant clinical issue. Because a high incidence of 
pneumocephalus is associated with the posterior fossa 
surgery, the question of whether N;O administration 
should continue after the dural closure, or should be 
given at all, has become critical. In view of the many 
reported cases of intracranial air behaving as a tension 
mass during N2O anesthesia (1,4,16,18,23), it would 
seem to be prudent to discontinue N;O administra- 
tion at least 10 min prior to closure of the dura, the 
time period required for the assurance of N2O to be 
carried away from the aerocele (24). Furthermore, for 
surgery after posterior fossa craniotomy in these pa- 
tients, perhaps N;O should not be administered at 
all. 

In summary, our study has shown that pneumo- 
cephalus frequently occurs after posterior fossa or cer- 
vical cord surgery, especially performed in the sitting 
position; postoperative pneumocephalus is usually 
asymptomatic; a single contributing factor, such as 
preexisting V—P shunt, use of N2O, or intraoperative 
dehydrating agents does not play a solitary direct role 
in the incidence of postoperative pneumocephalus; 
and in a patient with coexisting hydrocephalus, when 
the surgery is performed in sitting position, there is 
an increased risk of trapping a large amount of intra- 
cranial air. 
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The Effect of Diazepam on Induction of Anesthesia with Alfentanil 


Brendan S. Silbert, MB, BS, FFARACS, FFARCS, Carl E. Rosow, MD, PhD, 
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SILBERT BS, ROSOW CE, KEEGAN CR, LATTA WB, 
MURPHY AL, MOSS J, PHILBIN DM. The effect of 
diazepam on induction of anesthesia with alfentanil. 
Anesth Analg 1986;65:71-7. 


This study investigated the effect of intravenous diazepam 
on induction of anesthesia with alfentanil. Forty ASA phys- 
ical status I and II patients were given one of four treat- 
ments: alfentanil 100 g/kg or 200 uglkg, without diazepam 
or preceded by 0.125 mg/kg diazepam intravenously. Blood 
pressure, heart rate, respiration, response to verbal com- 
mand, and movement were assessed for 5 min, and blood 
was taken for measurement of histamine, epinephrine, and 
norepinephrine. All ten patienis receiving 100 ug/kg and 
five of the ten patients receiving 200 pg/kg of alfentanil 
responded to voice after 5 min, but only one in each group 


Alfentanil is a tetrazole derivative of fentanyl with a 
more rapid onset but a shorter duration of action and 
one-third the analgesic potency of fentanyl (1—3). 
Studies in animals have shown a peak analgesic effect 
2—3 min after injection and a duration of action of 10 
min at doses twice the ED; analgesic dose. These 
properties have led to evaluation of alfentanil for in- 
duction of anesthesia in healthy patients (4—7) as well 
as in patients with coronary artery disease (8,9). High 
doses of alfentanil do produce unconsciousness, al- 
though rapid injection of alfentanil may produce hy- 
potension (6). Hypotension has been a particular 
problem in older patients with cardiovascular disease 
or treated hypertension. 

It has been suggested that benzodiazepine pre- 
medication may interact with alfentanil to speed in- 
duction, reduce alfentanil dosage requirements, de- 
crease muscle rigidity, and prolong recovery time (4). 


This work was supported in part by a grant from Janssen Phar- 
maceutica, Inc., Piscataway, New Jersey. 

Received from the Anesthesia Services of the Massachusetts 
General Hospital and the Department of Anesthesia, Harvard Med- 
ical School, Boston, Massachusetts. Accepted for publication July 
30, 1985. 

Address correspondence to Dr. Rosow, Department of Anes- 
thesia, Massachusetts General Hospital, Boston, MA 02114. 


© 1986 by the International Anesthesia Research Society 


responded when it was preceded by diazepam. There was 
no rigidity or serious arrhythmias in any patient. Heart 
rate increasea in patients receiving alfentanil alone. Blood 
pressure increased in those receiving 100 uglkg but not 200 
pglkg. In patients given diazepam, tachycardia did not oc- 
cur, but blood pressure decreased after administration of 
alfentanil. There were no significant changes in plasma lev- 
els of histamine or catecholamines. Five of the six cases of 
inadequate postoperative ventilation were in patients given 
diazepam. Despite these effects, diazepam or some other 
hypnotic agent may be indicated when alfentanil is used for 
induction. 


Key Words: ANALGESICS—alfentanil. ANESTHET- 
ICS, INTRAVENOUS——alfentanil, diazepam. HYPNOT- 
IC5, BENZODIAZEPINES— diazepam. 


We have previously shown, however, that diazepam 
and fentanyl may interact to produce vasodilation and 
hypotension in patients with coronary artery disease 
(10). The present study was, therefore, undertaken 
to determine the effect of intravenous diazepam on 
the hypnotic and cardiovascular responses to large 
doses of alfentanil. We studied a wide age range of 
patients without cardiovascular disease to assess the 
effect of age on these responses. In addition, plasma 
histamine and catecholamine levels were measured 
in an attempt to determine the etiology of observed 
cardiovascular changes. 


Materials and Methods 


The study included 40 ASA class I and II patients, 
19-75 yr old, without cardiovascular or respiratory 
disease, who were scheduled for elective surgery of 
anticipated duration longer than one hour. The pa- 
tients gave informed written consent at the time of 
the preoperative visit, and the protocol was approved 
by the Subcommittee on Human Studies. 

No premedication was given. The patients were 
assigned randomly to one of four groups, each con- 
taining 10 patients, which were disclosed to the in- 
vestigator after patient enrollment in the study. In 
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Table 1. Demographics (mean + SEM) 


I 


Age (yr) 43.5 + 6.0 
(Range) (19-71) 
Height (cm) 176.9 + 2.8 
(159-185) 
Weight (kg) Vie Bir 5,2 
(61-112) 

Duration of surgery (min) 168.7 + 20.8 
(82-254) 


Male:female 8:2 


group I, 100 ug/kg of alfentanil was used for induction 
of anesthesia; in group II, diazepam, 0.125 mg/kz plus 
alfentanil, 100 ug/kg, were used; in group III, anes- 
thesia was induced with alfentanil, 200 ug/kg; end in 
group IV, diazepam, 0.125 mg/kg plus alfentanil, 200 
pg/kg, were given. 

On the patient's arrival in the operating room, an 
intravenous infusion (Ringer's lactate) for drug 
administration and an 18-gauge Teflon cannua for 
blood sampling were placed in opposite arms. 3lood 
pressure was measured with a standard Riva Rocci 
cuff, pulse rate by ECG or radial palpation, and res- 
piratory rate by chest wall observation. 

Pancuronium, 0.02 mg/kg, was given intrave- 
nously to all patients 5 min after intravenous ciaze- 
pam, 0.125 mg/kg, was given to patients in groups II 
and IV. Patients were given 100% O} by face mask. 
The alfentanil dose, diluted in Ringer's lactate solu- 
tion to a volume of 45 ml, and metocurine, 0.05 mg/kg 
diluted to a volume of 9 ml in a separate syringe, were 
then infused concomitantly over 90 sec (alfentanil at 
a rate of 66.6 ug.kg" '-min^! in groups I and I. and 
133.3 ug-kg" min ^! in groups III and IV). 

The pancuronium and metocurine doses were se- 
lected to produce less than 100% depression of single 
twitch (11). This allowed us to use somatic responses 
to assess level of consciousness. Loss of conscous- 
ness was assessed by response to verbal command, 
i.e., asking the patient to open his or her eyes and 
squeeze the anesthesiologist's hand. Responses were 
scored quantally (present/absent) every 30 sec during 
the infusion and 90 sec and 5 min after completion of 
the alfentanil-metocurine infusion. The 90-sec -ead- 
ing was chosen for comparison with earlier stmdies 
(5,6). 

When respiration ceased, controlled ventilation us- 
ing a face mask and 100% O, was begun and contin- 
ued for 5 min. Thiopental, 1 mg/kg, was then given 
intravenously to ensure patient unconsciousness and 
tracheal intubation was performed. Additional ihio- 
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Group 
H IMI IV 
48.6 + 5.6 38.9 + 4.5 40.4 + 4.4 
(27-75) (21-62) (22-66) 
171.8 + 3.3 176.4 + 3.3 174.6 + 2.8 
(156-185) (159—192) (154—185) 
70.9 + 3.6 $1.9 + 5.3 73.2 + 3.8 
(50-86) (51-108) (58—95) 
143.7 € 37.6 153.1 + 20.1 216.0 + 52.2 
(20—440) (85-283) (60-592) 
7:3 8:2 8:2 


pental was given before intubation if the patient re- 
mained responsive to command. Blood pressure and 
pulse rate were recorded, and venous blood samples 
were taken before induction, after diazepam (if given), 
after pancuronium, 2 and 5 min after the administra- 
tion of alfentanil and metocurine, and 30 sec after 
intubation. 

After tracheal intubation, anesthesia was main- 
tained with 66% N;O in O;. No further opioids or 
sedatives were given. Enflurane was given as needed 
for maintenance of anesthesia. Supplemental muscle 
relaxants were given as indicated by monitoring of 
train-of-four responses. We recorded the presence or 
absence of truncal rigidity, cough, or laryngospasm 


during induction. The response to laryngoscopy and: 


intubation was assessed by the position of the vocal 
cords and presence of tearing or movement after 
intubation. 

At the end of surgery, neuromuscular blockade was 
reversed with neostigmine, 2.5 mg, and atropine, 1.2 
mg, and enflurane was discontinued. The time at which 
response to command returned was noted. If respi- 
rations were less than 10 breaths/min, the anesthe- 
siologist encouraged the patient to breathe, and if this 
proved inadequate naloxone was given. All patients 
were extubated in the operating room. Patients were 
assessed in the recovery room for nausea, vomiting, 
and need for further analgesia. All patients were seen 
postoperatively and questioned about recall or uri- 
pleasant experiences. 

Hemodynamic data and changes in plasma hista- 
mine and catecholamine levels were analyzed by two- 
way analysis of variance for repeated measures (BMDP 
Statistical Software, UCLA, 1981). Quantal data were 
analyzed by x? for independent samples. 


Catecholamine and Histamine Assays 


Each 10-ml sample of blood was drawn into a hepa- 
rinized tube (Vacutainer, Becton-Dickenson, Ruth- 
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erford, NJ) and immediately placed on ice. Tubes were 
then centrifuged at 2000 rpm, 0-5°C for 10 min, and 
the plasma layer drawn off into polypropylene tubes 
(Sarstedt #55.526) and stored at — 70°C. Plasma his- 
tamine levels were measured using the radioenzy- 
matic assay described by Verburg et al. (12), which 
has a sensitivity of 2 pg/ml. Normal baseline plasma 
histamine levels in our laboratory are 300 + 80 pg 
using this assay—-a somewhat lower control value 
than we have previously described (13). Plasma epi- 
nephrine and norepinephrine levels were measured 
by the radioenzymatic assay of DaPrada and Zucher 
(14). The normal value for epinephrine is 125 + 10 
pg/ml and for norepinephrine 540 + 25 pg/ml. 


Results 


There were no significant differences between the four 
treatment groups in mean age, weight, height, du- 
ration of surgery, and male-to-female ratio (Table 1). 
Each group contained a few patients at the extremes 
of our age range. | 

Most patients rapidly lost consciousness during or 
shortly after the alfentanil infusion. Five patients ceased 
responding before the infusion was completed, and 
all five had received diazepam. All 40 patients became 
apneic during alfentanil-relaxant administration. Pa- 
tient responses are listed by groups in Table 2. The 
number of patients responding to command 90 sec 
after administration of alfentanil was significantly re- 
duced in patients given diazepam (groups II and IV) 
compared to patients not receiving diazepam (groups 
I and III). Doubling the dose of alfentanil from 100 to 
200 pg/kg did not significantly decrease the number 
of patients responding. Seven of the 27 patients who 
failed to respond to voice at 90 sec regained response 
by 5 min. At this time, 15 of the 20 patients not re- 
ceiving diazepam were responsive to command com- 
pared to two of the 20 receiving diazepam (x? = 17.2, 
P « 0.001). The presence or absence of response did 
not bear any consistent relationship to patient age 
(Fig. 1). | 

Two patients in group IV had fine muscular twitch- 
ing for a short period immediately after administra- 
tion of alfentanil. Two patients (one in group II and 
one in group IV) had gross limb movement during 
induction. One of these patients was subsequently 
found to have a history of significant alcohol com- 
sumption. There were no episodes of coughing or 
laryngospasm at any time in any patient. At laryn- 
goscopy, no patient had adduction of the cords, and 
there were no technically difficult intubations. The 
frequency of tearing was low and not significantly 
different between the four treatment groups. 
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Table 2. Number of Patients Responding to 
Verbal Stimulus 


Group 
I II I IV 
Response at 9) sec 6 1 5 1 
Response at 5 min’ 10 2 5 0 
Required > 1 mg/kg of 5 0 1 1 
thiopental before 
induction* 
Movement after intubation" 9 5 6 2 
Tearing after intubation 3 2 1 0 


For groups I and I] vs groups lI and IV: *P < 0.005; *P < 0.001; 
*P < 0.01; ^P < 0.025. 


Cardiovascular responses are summarized in Fig- 
ure 2. Baseline heart rate values were not significantly 
different among groups. Heart rate increased in all 
groups above baseline levels after pancuronium, but 
the increases were statisticallv different only in groups 
III and IV. After alfentanil the pulse rate returned 
rapidly to baseline in patients given diazepam (groups 
IL and IV). In contrast, pulse rate continued to increase 
in groups I and III. 

Baseline values for mean systemic pressure were 
not statistically different among groups, although 
baseline levels in group I were slightly lower. After 
alfentanil, pressure increased significantly above 
baseline in group I but not in group III. This was 
primarily due to the difference in baseline values be- 
cause after alfentanil was given, blood pressures were 
similar in both groups. Groups II and IV behaved very 
differently. Blood pressure decreased sharply after 
alfentanil and remained depressed until laryngoscopy 
and intubation. Two patients in group IV had de- 
creases in mean arterial pressure greater than 3096 
from baseline at 2 min. 

The data demonstrate that doubling the dose of 
alfentanil from 100 ug/kg to 200 ug/kg does not sig- 
nificantly change responses of heart rate or blood 
pressure to laryngoscopy and tracheal intubation, but 
that responses to either dose of alfentanil were sub- 
stantially altered by diazepam pretreatment. 

No episodes of bradycardia were observed. Atrial 
premature contractions were seen in one patient in 
group I before intubation and in one patient in group 
II immediately after intubation. Both arrhythmias re- 
solved spontaneously. One patient in group IV had 
a transient nodal rhythm after alfentanil that resolved 
before intubation. 

There were no significant changes in plasma his- 
tamine levels at any time in any group (Fig. 3). No 
cutaneous signs of histamine release such as redness 
or urticaria were observed. The baseline values of 
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norepinephrine were high in these unpremedicated 
patients and remained elevated throughout mduc- 
tion, but there were no statistically significant inter- 
or intragroup differences in the level of eithe- nor- 
epinephrine or epinephrine (Fig. 3). 

Thirty-eight patients required enflurane for main- 
tenance of anesthesia. Two patients (one in group Il 
and one in group IIT) did not require additioral in- 
halation anesthesia for procedures that lasted 15 and 
2 hr, respectively. The time elapsed between alfen- 
tanil administration and the introduction of enfl irane 
ranged from 5 min to 120 min, and there was no 
significant difference between groups. 

Patients experiencing postoperative respiratory 
depression are described in Table 3. Two patieats in 
group II, one in group IIL, and two in group IV had 
slow respiratory rates («10 breaths/min) on swak- 
ening, but increased their ventilation in resporse to 
command and they were not given naloxone. Another 
patient in group IV remained apneic and nonrespon- 
sive 10 min after completion of surgery (1 hr 4€ min 
after the start of anesthesia) and responded well to 
0.1 mg naloxone intravenously. Five of these six -ases 
occurred in patients receiving diazepam, and -hese 
cases were of shorter duration than the average for 
each group. One case of respiratory depression oc- 
curred in a 33-yr-old patient who had not received 
diazepam (group III) and whose anesthesia las-ed 3 
hr 22 min. There was no apparent relationship be- 
tween age and the occurrence of respiratory depression. 

The overall incidence of nausea and vomiting was 
30%; there was no significant difference among the 
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four groups. Two patients had recall for events during 
induction. Neither patient had received diazepam, 
and both were responsive at 5 min after alfentanil. 
No patient remembered intubation or had recall of 
any intraoperative events. 


Discussion 


Although several studies have described the use of 
alfentanil in high doses to induce anesthesia, there 
has been no controlled study to assess the effect of 
diazepam on the efficacy of this agent. As might have 
been predicted, prior administration of diazepam 
greatly increased the hypnotic effect of alfentanil. Our 
results show that diazepam plus alfentanil is more 
effective in producing unconsciousness than alfen- 
tanil alone. In fact, alfentanil administered at the rates 
of doses used in this study appears to be inadequate 
to produce sleep without the addition of another hyp- 
notic agent. This appears to hold true even for pa- 
tients 60-yr and older. Similar results have recently 
been reported for fentanyl when moderate doses (30 
ug/kg) are used for induction (15). Although the num- 
ber of patients studied does not allow us to conclude 
that age does not influence response to alfentanil, it 
is clear that older individuals may remain conscious 
after these induction doses. 

We chose to administer alfentanil over 90 sec be- 
cause of reports of hypotension at fast rates of injec- 
tion (6). At these rates of injection (66.6 ug-kg " I-min ^! 
and 133.3 ug-kg ^ min ^!) blood pressure did not de- 
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Figure 2. Hemodynamic measurements during induction. Bars de- 
note SEM. See text for details. 


crease in groups I and III, but 55% of these patients 
were still responsive at 90 sec. Our results are at var- 
iance with previous studies. McDonnell et al. (5) found 
the ED; for loss of response to voice to be 111 pg/kg; 
however, he used much faster rates of injection 
(600—1800 ug.kg 'min^!). We can find no explana- 
tion for the dose of 119 + 20 ug/kg reported by Nauta 
et al. (4) required to produce loss of consciousness 
when the drug was injected at a much slower rate of 
50 ug-kg  '-min ^ !. 

Our findings also suggest that the hypnotic effect 
of alfentanil is only brief in duration: in group I, four 
of 10 patients lost, then regained consciousness prior 
to intubation. Alfentanil pharmacokinetics have been 
well described (16-20). This lipophilic drug has a re- 
distribution half-life of 11.6 min and a somewhat slower 
rate of elimination (17). When alfentanil is used in the 
manner described in this study, termination of the 
hypnotic effect occurs just as it does with thiopental 
(redistribution half-life 3.3 min (21)): brain concentra- 
tion decreases rapidly to subhypnotic levels, while a 
good deal of active drug remains in blood and pe- 
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Figure 3. Plasma concentrations of catecholamines and histamine 
during induction. Bars denote SEM. No significant changes were 
observed at any time in any group. 


ripheral tissues. Although 100 ug/kg of alfentanil 
produces less than 5 min of hypnosis, blood and CNS 
concentrations sufficient to produce analgesia and 
respiratory depression persist for a considerably longer 
time. 

It is well established that opioid-induced respira- 
tory depression is potentiated by the occurrence of 
sleep (22). Hypnotic agents such as diazepam or en- 
flurane interact with opioids to increase both intra- 
and postoperative respiratory depression. In our study, 
clinically significant respiratory depression was more 
frequent in patients who had been given diazepam; 
however, all these patients responded to simple treat- 
ment. Neither age, alfentanil dose, nor duration of 
operation were reliable predictors of postoperative 
respiratory depression. The use of enflurane (a res- 
piratory depressant as well as hypnotic) complicates 
the interpretation of these results, but one patient 
with respiratory depression did not receive enflurane. 

Tomichek et al. (10) found that 0.125-0.5 mg/kg of 
diazepam followed by 50 ug/kg of fentanyl decreased 
systemic vascular resistance and caused significant 
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Table 3. Postoperative Respiratory Depression 


Number with respiratory depression 0 

Ages (yr) — 

Duration of anesthesia in patients with — 
respiratory depression (hr) 

Duration of anesthesia in patients without — 
respiratory depression (hr) 


SILBERT ET AL. 
Group 
I! III IV 
2 1 3 
33, 75 33 38, 53, 66 
1.4 + 0° 3.4 1.9 + 0.4 
3.2 + 0.7 2.6 + 0.3 4.8 t 1.1 


"Duration of anesthesia in patients with respiratory depression was significantly shorter (P < 0.001) than in patients in the same group without respiratory 


depression. 


hypotension. These changes were not seen with fen- 
tanyl alone. It seems likely that the decreases in. pres- 
sure seen in our study were due to a similar mech- 
anism. The peripheral vasodilation is clearly nct due 
to histamine release. Alfentanil may produce a de- 
crease in brainstem sympathetic output such as that 
described for morphine (23). One would expect other 
CNS depressants to potentiate this effect, although 
premedication with oral lorazepam does not appear 
to produce this interaction with alfentanil in cardiac 
surgical patients (9). 

There was no evidence of vagally mediated b-ady- 
cardia in our patients, but all had received pan-uro- 
nium. The increase in heart rates seen in all our groups 
initially was probably due to the vagolytic effect of 
the relaxant because there was no evidence of cate- 
cholamine release. Diazepam appeared to limi- this 
effect on heart rate. 

Chest wall rigidity occurs in as much as 75% of 
unpremedicated patients when alfentanil is used as 
an induction agent (5). We chose a combination of 
pancuronium, 0.02 mg/kg, and metocurine, 0.05 ma/kg, 
to prevent rigidity and to facilitate intubation. The 
doses of relaxants were deliberately selected f be 
below the EDss for suppression of single twitch (11). 
This allowed the patient to respond to voice and in- 
dicate consciousness up to 5 min, as described. Met- 
ocurine and pancuronium in these doses did. not 
release histamine or increase plasma levels of zate- 
cholamines. The combination was sufficient to pre- 
vent rigidity in all cases. 

In summary, 100—200 ug/kg of alfentanil injected 
over 90 sec does not reliably produce sleep in heelthy 
unpremedicated patients. More rapid administretion 
of the opioid (as in previous studies) or concom.tant 
treatment with diazepam will produce acceptable 
hypnosis but may also produce hypotension. Patients 
with marginal cardiovascular reserve seem to be the 
ones most likely to benefit from this sort of high-dose 
opioid induction, but the occurrence of hypotension 
may limit use of the technique in such individwals. 


On the other hand, there were several advantages 
from these large doses of analgesic: there was total 
absence of cough, laryngospasm, or hiccough during 
induction; there was relatively little autonomic re- 
sponse to laryngoscopy and tracheal intubation (the 
somatic responses would probably have been su- 
pressed by an adequate dose of relaxant); and these 
benefits were obtained without the need for pro- 
longed postoperative ventilation. 


The authors gratefully acknowledge David Smith, CRNA, for his 
valuable cooperation. 
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Hemodynamic changes associated with the administ-ation 
of protamine were studied in 30 dogs divided into three 
equal groups. Protamine (1 mg-kg  -min^! for 4 mir.) was 
administered 10 min after 4 mg-hg ^! heparin was given via 
a left atrial (LA) line in group A, via a central vein in zroup 
B, and via a peripheral vein in group C. Protamine ziven 
through the central venous pressure (CVP) line resulzed in 
an immediate and significant decrease in mean arterial pres- 
sure (MAP) to 60 + 4.5 mm Hg (P < 0.025) from 72 + 
7 mm Hg immediately after the protamine and to 58 + 5 
mm Hg (P < 0.025) 5 min later and with an increæe in 
cardiac index (CI) to 3.7 + 0.3 Lamin m^? from 2 8 + 
.25 Lain" m^? immediately after the protamine (P < 
0.005), followed by a decrease back to 2.7 + 0.3 Lmin^ -m ^? 
5 min later. Mean arterial pressure and CI remainee un- 
changed after administration of protamine via the peripaeral 


Administration of protamine after cardiopulmorary 
bypass has been said to be associated with significant 
decreases in cardiac output and arterial blood p-es- 
sure (1). However, a recent report has shown no 
hemodynamic changes after administration of p-ot- 
amine (2). The present study was undertaken to ccm- 
pare hemodynamic changes in dogs with good v2n- 
tricular function after administration of protamine via 
the left atrium (group A), the right atrium (group B), 
or a peripheral vein (group C). 


Methods 


Thirty mongrel dogs weighing 18-20 kg were divided 
into three equal groups: group A, dogs given prot- 
amine via a left atrial catheter; group B, those given 
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vein or the left atrium. Systemic vascular resistance (SVR) 
decreased significantly only after administration of prot- 
amine via the CVP and was statistically unchanged when 
administered via the peripheral and LA line. Plasma his- 
tamine levels increased significantly after administration of 
protamine through the central line but remained unchanged 
after administration via a peripheral vein or the left atrium. 
We conclude that hemodynamic changes after protamine 
administration may be related to protamine-induced hista- 
mine release from the lung and are greatly influenced by 
the site of administration. The greatest hemodynamic effect 
occurred when protamine was administered via the right 
atrium and the least when administrated via the peripheral 
vein. This is probably due to the fact that protamine, when 
injected into the right atrium, forms protamine heparin 
complex, which goes to the lung to release histamine, whereas 
it becomes diluted before reaching the lung when injected 
into a peripheral vein or left atrium. 


Key Words: BLOOD, COAGULATION—protamine. 


protamine via a central venous catheter; and group 
C, given protamine via a peripheral vein. Protamine 
dosage (4 mg/kg) was the same and was preceded by 
4 mg/kg heparin for 10 min in all dogs. They were 
anesthetized with pentobarbital, 20 mg/kg, intubated 
with a #10 Rusch tube, and paralyzed using 0.025 
mg/kg pancuronium to produce immobilization. Dogs 
were mechanically ventilated, using a tidal volume 
sufficient to maintain a Paco, within normal limits. 
Anesthesia was maintained with 60% N-O in 40% 
oxygen. 

The left femoral artery was cannulated for arterial 
pressure monitoring. A #7 French thermodilution 
pulmonary artery catheter was inserted through a 
femoral vein into the pulmonary artery for calculation 
of cardiac output (CO), measurement of pulmonary 
vascular pressures and for sampling of mixed venous 
blood. Standard formulae were used to calculate sys- 
temic and pulmonary vascular resistance. 

Cardiac output was determined in triplicate with 
95% reproducibility by using an Edwards Computer 
Model #9520A. Through a small left thoracotomy per- 
formed in the 6th intercostal space, a 60-cm 14-gauge 


CV CHANGES AFTER PROTAMINE ADMINISTRATION 


Table 1. Cardiovascular Changes after Protamine Administration 


Group Baseline 
ACT A 480 3: 10.5 
B 490 x 11.0 
C 495 + 15.0 
Histamine* A 1.5 + 0.8 
(ng/ml) B 1.85 + 0.75 
C 1.90 + 0.85 
Heart rate A 95 + 7 
(beats/min) B 90 + 6.5 
C 92. 6 
Mean arterial A 70 *7 
pressure (mm Hg) B 7247 
et 75 + 8.5 
Pulmonary artery A 18 + 1.5 
pressure (mm Hg) B 16.5 + 1 
C 1775% 1 
Wedge (mm Hg) A 6+ 0.5 
B 2+ 0.6 
C 1.25 + 0.4 
Right arterial A 7+ 0.5 
pressure (mm Hg) B 8 + 0.6 
C 7.5 + 0.5 
Cardiac index A 2.7 + 0.2 
(Lemin ^ «m 7?) B 2.8 + 0.25 
C 2.75 + 0:3 
Systemic vascular A 25.5 + 2 
resistance (units) B 26 + 2.5 
C 24.5 + 24 
Pulmonary vascular A 5.7 + 0.5 
resistance (units) B 5.9 + 0.6 
C 6 + 0.55 


“Group A, LA; group B, CVP; group C, peripheral vein. 
!'P < 0.05 significant within each group. 
‘Significant between groups. 


catheter was inserted via the superior pulmonary vein 
into the left atrium. 

All pressures were measured and recorded using 
nine Hewlett Packard Transducers with a six-channel 
recorder, which were calibrated by a mercury ma- 
nometer and recalibrated every hour. 

Baseline data were measured 5 min before prot- 
amine infusion, immediately after administration, and 
5 min later. Plasma histamine concentrations were 
determined using a radioenzymatic assay (3). 

Statistical analysis was performed within each group 
using Student's t-test for paired data. Values were 
expressed in mean + standard error of the mean, and 
P « 0.05 was considered statistically significant. Sta- 
tistical significance between groups was done using 
multivariant analysis (LSD procedure). 


Results 


Protamine given through the central venous pressure 
(CVP) line resulted in an immediate and significant 
decrease in mean arterial pressure (MAP) to 60 + 4.5 
mm Hg (P < 0.025) from 72 + 7 mm Hg immediately 


IAmmediately after protamine 
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5 min after protamine 


120 + 7 1295 * 7.5 
115-+-7.5 110 + 7.5 
104 + 8.5 105 + 7.5 
2./5 x 1 3.1 + 1.2 
8.5 + (.95^« 8.6 + 1.25 
2.90 + 1.2 2.85 + 1.05 
92 + 8 96 + 7.5 
92 +5 93 + 6 
94 + 4.5 91 +5 
68 + 6 71 + 7.5 
60 x 4.5% 58 x 5 
70 + 76 9.5 + 7.2 
17.5 + 21 8.5 + 1.5 
30.5 + 0,5" 25.75 + 0.40? 
17.5 € 1.5 13 x 1.20 
4+ 0.4 4.5 + 0.4 
]:5:s8 0.5 7 + 0.6% 
2 30.5 2.75 + 0.2 
6 x 0.4 50.5 
11 + 0.1^* 4+ 0.15 
7 + 0.6 7.5 x 0.5 
2.8 + 0.25 2.75 + 0.3 
3.70 t 0.3" 2.70 + 0.3 
2.8 + 0.35 2.9 + 0.4 
22.14 + 1.9 24 + 2.2 
15.40 + 16° 20 + 1.25% 
22.5 + 2.5 21.37 + 2.15 
4.70 + 0.5 5.2 + 0.45 
10.05 + 0.1% 8.07 + 0.30% 
5.60 + 0.3 5.40 + 0.4 


after the protamine and to 58 + 5 mm Hg (P < .025) 
5 min later, and with an increase in cardiac index (CT) 
to3.7 + 0.3 Lmin~*m~? from 2.8 + 0.25 Lmin ~tm? 
immediately after the protamine (P « 0.005), followed 
by a decrease back to 2.7 + 0.3 L-min^ m ? 5 min 
later. Mean arterial pressure and CI remained un- 
changed after administration of protamine via the pe- 
ripheral vein or the left atrium. Systemic vascular re- 
sistance (SVR) decreased significantly only after 
administration of protamine via the CVP and was 
statistically unchanged when administered via the pe- 
ripheral and left atrial (LA) line. Plasma histamine 
levels increased significantly after administration of 
protamine through the central line but remained un- 
changed after administration through a peripheral vein 
or the left atrium. No statistically significant changes 
occurred in activated clotting time (ACT) among the 
three groups studied. 


Discussion 


Our data demonstrate that severe hemodynamic 
changes were associated with significant increases in 
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histamine levels when protamine was administ-ated 
via a central venous line. The cardiovascular atera- 
tions consisted of hypotension, a decrease in 5V3, an 
increase in PVR, and an increase in cardiac index v-hich 
returned toward normal a few minutes later. Those 
changes are compatible with previous studies on the 
cardiovascular effects of protamine (4,5). When Drot- 
amine was administered via the peripheral vein cr left 
atrium, the cardiovascular changes were minimal. 

Bradycardia, though reported by others, was. not 
Observed in our patients. Previous studies have sug- 
gested that protamine may have a direct myocardial 
depressant effect (6,7). Recent studies, however, nave 
demonstrated the absence of myocardial depression 
after protamine (2). We did not measure dp/dt ir. our 
dogs. Because the filling pressure was not signifi- 
cantly altered, we assume that the observed hemo- 
dynamic changes were probably due to venous pool- 
ing and not to myocardial depression. 

The hemodynamic changes found in our studies 
are consistent with protamine-induced histamine re- 
lease. It has been demonstrated that high leves of 
protamine will cause mast cells and basophils tc de- 
granulate and release histamine more than lower lev- 
els of protamine (8). 

A possible explanation for the different cardicvas- 
cular changes after protamine administration de- 
pending upon the route of administration is tha: the 
protamine-heparin complex formed when protamine 
is injected into a peripheral vein or the left atrium is 
diluted before it reaches the lungs, which are a major 
site of storage of many vasoactive substances, indud- 
ing histamine. Similar changes do not occur when 
protamine is injected into a central vein. It is known 
that protamine acts as a substrate of C reactive prctein 
(CRP), a potent activator of the complement system 
at the level of C1 (9). This in turn would lead to a 
C3a, C5a anaphylatoxin generation. Furtherrrore, 
heparin and protamine in fresh human serum (9), in 
amounts lower than those required for complement 
depletion, have been shown to induce virtually com- 
plete depletion of total hemolytic complement vie the 
classical pathway by interaction with the first com- 
ponent of complement (10). In group B animals ir the 
present study, the pulmonary circulation was ex- 
posed to a blood concentration of protamine greater 
than that in the other two groups because of drect 
administration into the right atrium. The lacE of 
hemodynamic changes when protamine was inje-ted 
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through a peripheral vein or LA line is most likely 
due to a dilutional effect. Most of the protamine had 
already been involved in heparin reversal and less 
reached the lungs to degranulate mast cells and ba- 
sophils and thus to release histamine. Therefore, the 
nonimmunologic anaphylactoid reaction frequently 
seen after the administration of protamine does not 
occur or occurs minimally after protamine is injected 
into the left atrium or a peripheral vein. When injected 
through the CVP catheter, however, the increase of 
histamine was the highest, suggesting intense com- 
plement activation and anaphylactoid reaction. Hep- 
arin was adequately reversed independently of the 
protamine administration because there was no sta- 
tistical difference in ACT in the three groups. 


We thank Ms. Ellen L. Jackson for manuscript preparation and 
James E. Cottrell, MD. for editing. 


: References 


1. Goldman BS, Joison J, Austin WG. Cardiovascular effects of 
protamine sulfate. Ann Thorac Surg 1969;7:459—71. 


2. Michaels IALM, Barash PG. Hemodynamic changes during 
protamine administration. Anesth Analg 1983;62:831-5. 


3. Verburg KM, Bowsher RR, Henry DP. A new radioenzymatic 
assay for histamine using purified histamine N-methyltrans- 
ferase. Life Sci 1983;32:2855-67. 


4. Fadali MA, Ledbetter M, Papacortas CA. Mechanism respon- 
sible for the CV depressant effect of protamine sulfate. Ann 
Surg 1974;180:232—5. 


9. Gourin A, Steisand RL, Guineder JK, Stukey J. Protamine sul- 
fate and the cardiovascular system. J Thorac Cardiovasc Surg 
1971;62:193-8. 


6. Fadali MA, Papacortas CA, Duke JJ, Ledbetter M, Oskakken 
M. Cardiovascular depressant effect of protamine sulphate: 
experimental study and clinical implications. Thorax 
1976;31:320-3. 


7. Iwatsuki N, Matsukawa S, Iwatsuki K. A weak negative ino- 
tropic effect of protamine sulfate upon the isolated canine heart 
muscle. Anesth Analg 1980;59:100-2. 


8. Keller R. Interrelation between different types of cells II. His- 
tamine-release from the mast cells of various species by cationic 
polypeptides of polymorphonuclear leukocyte lysozymes and 
other cationic compounds. Int Arch Allergy Appl Immunol 
1968;34:139—44. 


9. Siegel J, Rent R, Gewurz H. Interactions of creative protein 
with the complement system. Protamine induced consumption 
of complement in acute phase. J Exp Med 1974;140:631—5. 


10. Rent R, Ertel N, Eisentein R, Gewurz H. Complement acti- 
vation by interaction of polyaxons and polycations. J Immunol 
1975;114:120-4. 


ANESTH ANALG 81 
1986;65:81-7 





Influence of Diltiazem on Cardiovascular Function and Coronary 
Hemodynamics during Isoflurane Anesthesia in the Dog: 


Correlation with Plasma Diltiazem Levels 


Patricia A. Kapur, MD, Javier H. Campos, MD, and Susan E. Tippit, BS 





KAPUR PA, CAMPOS JH, TIPPIT SE. Influence of 
diltiazem on cardiovascular function and coronary 
hemodynamics during isoflurane anesthesia in the dog: 
correlation with plasma diltiazem levels. Anesth Analg 
1986;65:81-7. 


Diltiazem was administered to dogs by intravenous infusion 
to achieve plasma levels of 47 + 3 (n = 7), 148 + 12 
(n = 8), 263 + 10 (n = 8), and 379 + 43 (n = 8) 
ng-ml ^, to evaluate the effects of diltiazem on cardiovas- 
cular function and coronary hemodynamics, when given in 
the presence of anesthetic concentrations of isoflurane. Plasma 
level related prolongation of the PR interval of the electro- 
cardiogram was the most prominent effect observed, with 
development of 2° heart block or junctional rhythms in sev- 
eral of the animals at the two higher plasma levels. Mean 
arterial pressure, transiently decreased after the loading dose 
in all groups, was no differeat from control values after 30 
min of infusion. Left ventricular dP/dt was mildly decreased 


Diltiazem is similar to verapamil in its mechanism of 
action to alter the recovery of slow calcium channels 
from the inactivated state (1). It has been shown to 
have antiarrhythmic properties (2-4); to alter the 
amount and distribution of coronary blood flow (5—10); 
to reduce myocardial oxygen consumption (6), and to 
enhance myocardial preservation during periods of 
ischemia (11,12). It is effective in the treatment of both 
coronary vasospasm and angina pectoris resulting from 
fixed obstructive coronary artery lesions (13,14), and 
has been studied as a component in cardioplegia so- 
lutions (15). 

High plasma levels of diltiazem are usually re- 
quired to decrease systemic blood pressure in normal 
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at the three highest plasma levels, whereas right and left 
heart filling pressures were increased at the two highest 
plasma levels. Cardiac index and systemic vascular resist- 
ance were unchanged. No changes were observed in coronary 
sinus blood flow, coronary vascular resistance, myocardial 
oxygen uptake, myocardial lactate extraction, or circulating 
epinephrine or norepinephrine levels in any of the groups. 
In the presence of anesthetic concentrations of isoflurane, 
over the range of plasma levels investigated in this study, 
the vasodilating properties of diltiazem were not observed, 
yet conduction effects were prominent and decreases in left 
ventricular performance occurred. No untoward effects on 
global myocardial metabolism were detected under these 
conditions. 


Key Words: ANESTHETICS, voLATILE—isoflurane. 
HEART—coronary blood flow, myocardial function. 
IONS-—calcium. PHARMACOLOGY —diltiazem. 


subjects (16—18). Kates et al. (19) reported that in halo- 
thane-anesthetized swine, a plasma diltiazem level of 
1651 + 139 ng-ml ^! achieved by continuous infusion 
was required to produce a 30% decrease in mean ar- 
terial pressure. This plasma level also resulted in a 
50% decrease in left ventricular dP/dt and cardiac out- 
put, a 40% increase in pulmonary artery occluded 
pressure, and a 60% prolongation of the PR interval, 
without a significant change in systemic vascular 
resistance. 

The plasma levels of diltiazem investigated in the 
study by Kates et al., however, were higher than clin- 
ically relevant plasma levels of 100-200 ng-ml~?. In- 
formation is lacking regarding the hemodynamic ef- 
fects of lower plasma levels of diltiazem in the presence 
of inhalation anesthetics. In addition, it is unknown 
whether diltiazem in combination with inhalation an- 
esthetics may unduly compromise the balance be- 
tween myocardial oxygen requirements and myo- 
cardial oxygen supply. 

The present study was designed to include a range 
of lower plasma levels of diltiazem in an instrumented 
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canine model to investigate the plasma level related 
effects of diltiazem on cardiovascular functior. and 
coronary hemodynamics in the presence of isoflarane 
anesthesia. Isoflurane was studied because of #s re- 
ported profound effects as a coronary and peripheral 
vasodilator (20), with the potential for additive e“fects 
with diltiazem in this regard. 


Methods 


Thirteen conditioned mongrel dogs of either sex 
weighing 23 + 1 kg (mean + SEM) with chronic tra- 
cheostomies (21) to facilitate an inhalation anesthetic 
induction were used for fifteen experiments. Anes- 
thesia consisted of isoflurane (1.49-1.54% end idal 
concentration) in 40% oxygen in air through a cucfed 
tracheostomy tube. Ventilation was controllec to 
maintain normocarbia. Temperature was maintained 
between 38-39*C with a warming blanket and a Leat 
lamp. The external jugular vein was cannulated for 
drug administration and infusion of 0.9% NaCl at 5 
mlkg hr^!. A femoral arterial cannula was insered 
for obtaining blood samples and for measuremen: of 
phasic and mean arterial blood pressure (MAP). A 
balloon-tipped, flow-directed catheter was positior ed 
in a pulmonary artery via a femoral vein for maa- 
surement of right atrial (RA) and pulmonary artery 
occluded (PAO) pressures and for sampling of mbed 
venous blood. A micromanometer-tipped cathe-er 
(Millar Instruments, Inc.) was positioned in the ləft 
ventricle (LV) from a femoral artery for measurement 
of LV pressure and electronic derivation of LV dP/dt. 
A 7F woven Dacron coronary sinus thermodilutien 
catheter (model CCS-7U-90B, Webster Laboratories, 
Inc., PO Box 237, Altadena, CA) was passed into the 
coronary sinus under fluoroscopic control via an e«- 
ternal jugular vein to measure coronary sinus (C5) 
pressures and blood flow and to obtain CS blood sara- 
ples. Its position was confirmed every 30 min by in- 
jection of a small amount of contrast dye (Renografir) 
to outline the sinus. Further confirmation of correct 
position of the CS catheter was obtained by observinz 
CS pressure wave form and by measurements of corc- 
nary sinus PO;. Coronary sinus blood flow was mes 
sured in duplicate using the technique of Ganz et al. 
(22) and the formula Qcs = [(Tg — T/Tg — Tm) — 1] 
(26.448), where Qcs is the CS blood flow in ml-min~ * 
and T represents the temperatures in °C of blood (B) 
injected indicator (I), and the mixed (M) indicator anc 
blood. The number 26.448 is a constant factor relating 
to the specific heat and density of blood and of the 
saline indicator when injected at a rate of 24 mlmin ^ !. 
Heart rate (HR), MAP, RA, PA, CS, and LV pres- 
sures, and LV dP/dt were recorded continuously. In. 
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addition, the ECG was intermittently recorded at fast 
paper speed (100 mm-sec™!) for measurement of PR 
intervals. Inhaled and exhaled gases were analyzed 
by a mass spectrometer (model MGA-1100, Perkin- 
Elmer Corp., Pomona, CA). Exhaled gas volume was 
measured with a modified electronic volume displace- 
ment spirometer (model 220, Cardiopulmonary In- 
struments, Inc., Houston, TX). Computations of whole 
body oxygen uptake (VO;) were performed in real 
time at approximately 1-min intervals using a general 
purpose laboratory minicomputer (Data General Corp., 
Framingham, MA) (23) and the formula VO, = 
VE{[Flo, (FEN,/Fin,)] — FEo,}, where VE is the expired 
volume and FE and FI are the expired and inspired 
fractions of the specific gases. Intermittent samples 
were simultaneously taken of arterial, mixed venous, 
and CS blood. Blood gas tensions and pH were mea- 
sured with an Instrumentation Laboratories model 
813 analyzer. Blood oxygen content was measured 
with a LEX O; Con-TL (Lexington Instruments Corp, 
Waltham, MA). Cardiac output was determined by 
the Fick method. Systemic vascular resistance (SVR), 
coronary vascular resistance (CVR), and cardiac index 
(CI) were calculated. Myocardial oxygen uptake 
(MVO;) was calculated as the product of arterial mi- 
nus CS oxygen content (in volumes %), divided by 
100, and multiplied by CS blood flow. 

Plasma arterial and CS diltiazem and catechol- 
amine levels were assayed by high performance liquid 
chromatography (24,25). Plasma lactate levels were 
measured in terms of the generation of NADH spec- 
trophotometrically at 340 nm using the enzyme lactic 
dehydrogenase as the catalyst. Myocardial lactate ex- 
traction ratio (MLE) was calculated as the product of 
arterial minus CS lactate levels, divided by the arterial 
lactate level, and multiplied by 100. Serum levels of 
electrolytes (Na*, K*, C] ), glucose, and ionized cal- 
cium levels were measured using an automated ana- 
lyzer (Beckman Instruments). 

Diltiazem was freshly prepared in 0.9% NaCl in a 
concentration of 0.5 mg-ml~’. To produce a clinically 
relevant range of plasma diltiazem levels, four intra- 
venous loading dose and infusion combinations were 
chosen: a) 100 ug-kg^! + 4 ug-kg min !; b) 200 
Bgkg ! + 8 ugkg lmin^!'; c) 300 ng-kg ! + 12 
ugkg min i; d) 400 ugkg^! + 20 ugkg "min !. 
After 2 hr stabilization under isoflurane anesthesia, 
control blood samples and hemodynamic measure- 
ments were made. Each experiment then consisted of 
either dose a followed by dose d, or dose b followed 
by dose c. The loading dose was given over 5 min; 
and the infusion continued for 30 min, at which time 
the second loading dose was given in a like manner 
and the infusion rate increased. Differences in drug 
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Table 1. Plasma Diltiazem Levels in Arterial (A) and Coronary Sinus (CS) Blood 
Diltiazem (ng-ml^ +)" 
Group n Control" 5 min 20 min 30 min 
I A 7 0 93 + 11 47 + 4 47 + 
cS 5 0 42 +3. 44+ 4 51-1 
Ii A 8 0 184 + 26 130 + 11 148 + 12 
CS 6 g 121 + 19 123: 15 135 + 15° 
III A 8 87 + 16 443 + 57 256 + 15 263 + 10 
CS 6 70 + 13 273 + 24° 250 + 18 252 + 18 
IV A 8 138 + 30 617 + 67 412 + 40 379 x 43 
CS 6 152 + 28 461 + 50 393 + 43 443 + 72 


Mean ch SEM. 


"For groups Ill and IV, diltiazem present in plasma at control because the higher plasma levels resulted from the later infusion rates (see methods). 


‘P < 0.05 compared to arterial levels for the same dogs by paired t-test. 


Table 2. Changes in PR Interval after Diltiazem 


PR Interval (msec)* 


Group n Control 30 min 90 min after III/IV 
I 7 104 + 6 114 + 7 — 
Il 8 102 * 5 125 + 10° — 
III 8 113.5557" 143 + 24° 111 + 15 
IV 8 128 + 9° 156 + 104 119 + 8 


"Mean + SEM. 

?Diltiazem present at control for groups HI and IV (see Table 1). 
cP < 0.05 compared to control. 

dMean value for animals remaining in sinus rhythm (see text). 


disposition among the animals were anticipated, and 
it was planned that the experimental results would 
be analyzed not as a function of dose, but as a function 
of plasma diltiazem level. The two dogs that were 
studied twice received the alternate pair of diltiazem 
doses during the second experiment, which was sep- 
arated from the first by at least one week. In one of 
the other animals only one dose of diltiazem could 
be given because of technical difficulties. Two animals 
received dose c between doses a and d. The mean 
total dose of diltiazem for the 15 experiments was 1.55 
+ 0.13 mg-kg~’ per experiment. 

Cardiovascular measurements and samples for 
measurement of plasma levels of diltiazem, epineph- 
rine, and norepinephrine were taken after the loading 
doses and at 20 and 30 min of each infusion. The 30- 
min values from the first infusion rate served as con- 
trol measurements for the second infusion. Measure- 
ments were also made 15, 30, 60, and 90 min after 
stopping the last infusion in each experiment. Blood 
losses were replaced with crossmatched heparinized 
donor dog blood. 

Analysis of variance for repeated measures with 
Bonferroni t-tests was used to evaluate statistical sig- 
nificance of the data. A paired t-test was used to com- 
pare arterial and CS diltiazem levels for each group. 
Regression equations with calculations of correlation 


coefficients were used to evaluate correlations be- 
tween variables. A P value of less than 0.05 was con- 
sidered significant. 


Results 


Normal levels of arterial pH, Pao, Paco2, hematocrit, 
and temperature were maintained throughout the 
study. There were no significant changes in serum 
levels of electrolytes, ionized calcium, or glucose. 
Overlap of plasma diltiazem levels did occur among 
the infusion rates for different animals, and therefore, 
results were sorted into four groups by 30-min plasma 
diltiazem levels: group I, 32-58 ng-ml ^! (n = 7); group 
IL, 90-190 ng-ml ^! (n = 8); group III, 230-300 ng-ml~? 
(n = 8); and group IV, 320—601 ng-ml ^! (n = 8). Mean 
plasma arterial and CS diltiazem levels for the various 
measurement periods are given in Table 1. There were 
no statistically significant differences in the mean 20- 
and 30-min values during the infusions for any of the 
variables in any of the four groups. Therefore, 30-min 
values are used in the figure and tables. 

Mean PR intervals are shown in Table 2, at control 
and 30 min for all four groups, and 90 min after com- 
pleting the last diltiazem infusion in groups III and 
IV. The atrioventricular conduction time was pro- 
longed as plasma diltiazem levels increased. Similar 
diltiazem levels were associated with similar PR in- 
tervals. When the regression equation for the plot of 
diltiazem level vs PR interval was calculated for con- 
trol and 30-min values, the correlation coefficient was 
0.55, with a P value of less than 0.001 (n = 59). 

Figure 1 shows the values for hemodynamic vari- 
ables at control, at 30 min for each of the four plasma 
diltiazem levels, and at 90 min after turning off the 
highest infusion rate. In contrast to the dose-related 
conduction interference observed with diltiazem, no 
significant changes from control were observed in MAP, 
CI, or SVR after 30 min of infusion at these four plasma 
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levels, despite increases in filling pressures at the 
highest two levels and decreases in LV dP/dt atal but 
the lowest plasma level. MAP was significantlv re- 
duced, although only transiently, immediately after 
the loading dose (5-min measurement) in all groups. 
One animal in group III and three animals in g»oup 

IV developed Wenckebach 2° heart block; one an. mal 
|. in each of groups III and IV developed a junctidnal 
escape rhythm. No significant changes were observed 
in circulating epinephrine or norepinephrine levels 
(Table 3). 

Control and 30-min values for the four plasma Evel 
groups for Qcs, CVR, MLE, and MVO, are given in 
Table 4. There were no changes from control va.ues 
for these variables, nor for VO; (data not presented), 
inany of the groups when diltiazem was administered 
in this study in the presence of approximately 1.576 
isoflurane (end-tidal). 


Discussion 


In the presence of 1.5% end-tidal isoflurane anes- 
thesia in this study, plasma levels of diltiazem at waich 
prolongation of atrioventricular conduction was 


prominent resulted in hemodynamic changes that were 
limited to a mild decrease in LV dP/dt and elevation 
of right and left heart filling pressures. No untoward 
effects on coronary sinus hemodynamics or on global 
myocardial metabolism, insofar as reflected in MVO, 
or MLE, were observed in these dogs. Unlike the 
findings of the study in halothane-anesthetized swine 
by Kates et al. (19), the lower plasma levels of dilti- 
azem in our study were not associated with decreases 
in systemic blood pressure. 

Loading doses or infusion rates of diltiazem similar 
to those used in this study have been associated with 
increases in coronary blood flow to nonischemic myo- 
cardium in dogs anesthetized with barbiturates or 
chloralose (6-9). We did not observe any change in 
CVR or Qes, perhaps because vasodilation in our an- 
imals was already maximal in the presence of iso- 
flurane. Skarvan et al. (26) found that the addition of 
diltiazem by infusion to achieve plasma levels of 129 
+ 23 and 282 + 32 ng-ml~' to fentanyl-anesthetized 
dogs resulted in dose-dependent decreases in CVR 
and increases in Qcs. However, in their study, the 
subsequent addition of isoflurane (0.8 + 0.1% and 
1.3 + 0.2%) during continuation of the higher infu- 


™ 
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Table 3. Plasma Epinephrine and Norepinephrine Levels in Arterial (A) and Coronary Sinus (C5) Blood 


Epinephrine (pg-ml ^! 





Norepinephrine (pg:ml- !)" 


Group n Control 30 min Control 30 min 
I A 7 373 + 104 347 + 88 163 = 58 222 + 50 
CS 6 99 = 50 84 + 35 66 = 20 76 + 25 

II A 8 249 + 61 225 + 44 128.35 147 + 39 
CS 7 82 + 32 45 + 12 150 = 52 156 + 49 

IIl A 8 292 + 70 235 + 38 210 = 38 160 + 44 
CS 7 85 + 30 57 + 13 133 = 53 241 + 42 

IV A 8 262 + 63 350 + 134 134 = 48 223 + 58 
CS T 42 + 13 79 + 23 123 = 36 204 + 46 





“Mean + SEM; no difference between control and 30-min values in any group. 


Table 4. Coronary Hemodynamics and Myocardial 
Metabolic Measures 





Group n Control’ 30 min’ 

Qcs" (ml-min™’) I 5 105-15 100+ 12 
II 7 164 + 21 168 + 29 

Hl 7 126 + 19 133 + 9 

IV 7 178 + 30 159 + 30 

CVR’ 

(mm Hg-ml^"-min ^!) I 5 0.65 + 0.10 0.65 + 0.12 
II 6 0.47 + 0.07 0.51 + 0.11 
III 7 0.56 € 0.10. 0.48 + 0.05 
IV 6 0.46 +0.11 0.48 + 0.13 
MLE? (96) I 6 0.39 + 0.05 0.31 + 0.04 
II 7 0.41 + 0.07. 0.32 + 0.04 
II 7 0.33 + 0.05 0.25 + 0.03 
IV 7 0.28 + 0.04 0.25 + 0.03 

MVO” (ml-min~ !) I 6. 6.1: L3 65+0.5 
II 5. 15531 320527 

Hl 25 78-10 3892-03 

IV 7 425544 120+ 22 


"Abbreviations: Qcs, coronary sinus blood flow; CVR, coronary vascular 
resistance; MLE, myocardial lactate extraction; MVO, myocardial oxygen 
consumption. 

"Mean + SEM; no difference between control and 30-min values in any 


group. 


sion rate of diltiazem did not result in any additional 
decrease in CVR. The addition of isoflurane under the 
circumstances of their study was found to decrease 
Ocs, which was associated with a decrease in aortic 
pressure. In addition, diltiazem levels were found to 
be increased, for the same infusion rate at their higher 
isoflurane concentration. Pharmacokinetic studies in- 
dicate that plasma diltiazem clearance is dependent 
upon hepatic blood flow (27). Though our study did 
not include unanesthetized controls, our intent was 
not to investigate the effects of isoflurane on the phar- 
macokinetics of diltiazem, but rather to achieve plasma 
levels less than 500 ngml ^! during isoflurane anes- 
thesia by use of appropriate infusion rates. 

Our finding that interference with intracardiac con- 


duction was prominent at plasma levels that did not 
have measurable hemodynamic effects is consistent 
with other studies (18,28). The positive correlation of 
PR interval prolongation with plasma diltiazem level 
is useful when therapy is designed to achieve con- 
duction effects without adverse hemodynamic side 
effects. Browne et al. noted a correlation of both PR 
interval and systemic blood pressure with plasma dil- 
tiazem level in conscious dogs administered diltiazem 
orally (17). Perhaps the absence of a vasodilating an- 
esthetic contributed to their findings of decreased blood 
pressure at lower plasma levels of diltiazem. 

The decrease in LV dP/dt in groups II-IV and the 
increase in filling pressures in groups III and IV after 
30 min of infusion, without a significant decrease in 
SVR, are consistent with the findings of Kates et al., 
who found that the higher levels of diltiazem that did 
decrease blood pressure during halothane anesthesia 
were also associated with decreased LV dP/dt and car- 
diac output, and increased PAO pressures without a 
change in SVR (19). 

Limitations of thermodilution Qcs measurements, 
other than catheter-related complications, are main- 
tenance of proper catheter position and ensuring ad- 
equate mixing of CS blood and the indicator. In ad- 
dition to the steps detailed in the methods section to 
monitor the proper position of the catheter, in the 
present study at least 1 min was allowed to elapse 
after beginning the indicator infusion to permit thor- 
ough mixing with the CS blood before measurements ` 
were taken. Measurements of C5 hemodynamics and 
of plasma lactate levels in CS blood reflect global func- 
tioning of the left ventricle and cannot distinguish 
regional differences. This study, however, was de- 
signed to evaluate diltiazem-isoflurane interactions 
on the normal cardiovascular system, where regional 
differences in myocardial function would not be ex- 
pected. The lack of effect of diltiazem upon Qcs, CVR, 
MVO,, and MLE, as well as on plasma catecholamine 
levels is consistent with the overall benign hemody- 
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namic effects observed in this study of these plasma 
levels of diltiazem in the presence of 1.5% isoflu-ane. 
Higher levels of diltiazem, at which further veatric- 
ular impairment and reduced systemic and corcnary 
perfusion pressures are seen, may have differemt ef- 
fects on myocardial oxygen balance and on autonomic 
responses. Varying the concentration of isoflurane or 
choosing a different anesthetic may well result im dif- 
ferent cardiovascular effects for the same plasma dil- 
tiazem levels. 

In summary, the most significant effect of plasma 
levels of diltiazem < 600 ng-ml ! during isoflurane 
anesthesia in our dogs was impaired intracardiac con- 
duction. The decreased LV dP/dt at the upper plasma 
levels in this study was not accompanied by decreased 
MAP or CI at these anesthetic levels. While no im- 
pairment of global myocardial oxygen balance was 
seen, neither did any increase in myocardial oxygen 
supply or reduction in two of the determinants of 
myocardial oxygen demand, i.e., afterload (MAF was 
unchanged) or preload (PAO was increased) occur. 
To the extent that animal data can be extrapolated to 
humans, the combination of reduced contractility, as 
reflected in LV dP/dt, and conduction impairment may 
necessitate caution if higher doses of diltiazera are 
inadvertently administered during clinical anesthesia 
with isoflurane. On the other hand, our data suzgest 
that lower doses of diltiazem may be expected to have 
antiarrhythmic properties under clinical conditions by 
virtue of their ability to prolong atrioventricular con- 
duction at low plasma levels in the presence of mod- 
erate concentrations of isoflurane without assocated 
hemodynamic side effects. 


The authors thank Marion Laboratories, Kansas City, MO, fcx sup- 
plying the diltiazem; Owen Buchea, Steven D. Roe sr, and M. n Lee 
for technical assistance; and Tony Law and Ellen Provost fcr per- 
forming the plasma assays. 
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Technical Communication 


Solubility of N;O in Volatile Anesthetics Contributes to Vaporizer 
 Aberrancy when Changing Carrier Gases 


Mark S. Scheller, MD, and John C. Drummond, MD, FRCP(C) 


It is well established that vaporizer output varies with 
changes in the composition of the gases flowing 
through the vaporizer. However, the questicn of 
whether the influence of the carrier gases on vapcrizer 
output is a matter of differences in the gas densities, 
viscosities, or both or whether the influence re-lects 
differences in the solubilities of the carrier gases in 
the volatile agent is unclear. Nawaf and Stoeltinz ob- 
served that enflurane output from Ohio vaporizers 
was greater in the presence of N20 than with O; alone 
and suggested that differences in densities of the two 
gases could explain the variation in output (1). The 
effect of such differences might be that a vasiable 
amount of gas is shunted through the vaporzing 
chamber as the composition of the carrier gas changes. 
The alterations in output they observed were small 
and persisted for as long as N20 was used as a cerrier 
gas. 

More recently, Gould et al. (2) examined vapcrizer 
output during the transition from one carrier gas to 
another. Thev observed large variations in vapcrizer 
output lasting up to 30 min when introducing o: dis- 
continuing N;O. Gould et al. attributed these changes 
to the considerable solubility of N2O in liquid vo atile 
anesthetic (3). This would lead to N2O either teing 
absorbed by or liberated from the liquid anestaetic 
and thereby either would decrease or increase gas 
flow through the vaporizing chamber. 

In flow over vaporizers, it is difficult to separate 
these physical phenomena because vaporizers ar? not 
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compensated for density, viscosity, or the solubility 
of carrier gases in liquid anesthetic. We wished to 
clarify the degree to which the differential solubilities 
of carrier gases in liquid volatile anesthetic can influ- 
ence vaporizer output, and the time course over which 
it occurs. Therefore, we measured vaporizer output 
with different carrier gases in a system in which den- 
sity, viscosity differences between carrier gases, or 
both would not be expected to influence output. 


Materials and Methods 
Experiment 1 


An Ohio Bthrane vaporizer filled with enflurane was 
used. Seventy percent N;O in O; at 3 L/min was passed 
through the vaporizer with the dial set at 196. The 
output was measured with a calibrated Chemetron 
mass spectrometer at 60-sec intervals. Wher output 
stabilized, N-O was discontinued, and 30% O, in N; 
at 3 L/min was substituted. After output stabilized 
again, 70% N;O in O, was reinstituted. All experi- 
ments were performed at 21°C. 


Experiment 2 


A Dupaco anesthesia machine with a Vaporator va- 
porizer was used. The operation of the Vaporator va- 
porizer is similar to that of a copper kettle. Oxygen 
is bubbled through the vaporizer from a flow meter, 
and the output is combined with a separate bypass 
gas for delivery to the anesthesia circuit. Vaporizer 
output is controlled by the operator who must know 
the vapor pressure of the anesthetic being vaporized 
(at a given temperature) to determine accurately the 
delivered concentration of volatile agent. Normally 
only O, passes through the flow meter supplying the 
vaporizer. However, the anesthesia machine was 
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Figure 1. Ohio enflurane vaporizer output with different carrier 
gases. 


modified so that it was possible to deliver either N20 
or O; (one gas at a time) to both the vaporizer's flow 
meter arid the main O; flow meter. One hundred 
seventy ml of liquid halothane was placed in the Va- 
porator reservoir, and O; at 120 ml/min, as measured 
by the vaporizer's flow meter, was passed through 
the vaporizer. The vaporizer effluent was combined 
with a 5-L Oz bypass flow from the main O, flow 
meter. Volatile agent and: N;O concentrations were 
measured with the mass spectrometer downstream 
from the point at which the vaporizer and bypass 
flows are combined. This was accomplished by sam- 
pling gas from the fresh gas delivery hose that ordi- 
narily would be attached to the circle or other anes- 
thetic delivery system. Once output stabilized, O2 flow 
wás discontinued, and N;O was then passed through 
both the vaporizer's flow meter and the main O; (by- 
pass) flow meter. The flow meters were adjusted to 
read exactly as before, that is 120 ml/min and 5 L/min 
for the vaporizer and main bypass flows, respectively 
(see discussion). When output stabilized, O; was sub- 
stituted for N;O and this sequence repeated. Con- 
centrations of N;O and halothane were recorded every 
60 sec. 


Results 

Experiment 1 

Figure 1 is a plot of the Ohio enflurane vaporizer 
output over time with the different carrier gases. Note 
the abrupt increase in enflurane output after changing 


gases from N;O/O; to O2/N2 and the gradual return 
to baseline over the next 20 min. 
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Figure 2. Halothane and N;O output from Dupaco Vaporator when 
changing carrier and bypass gas from O; to N20 to Os. 


Experiment 2 


The concentrations of N;O and halothane from the 
Vaporator are plotted in Figure 2. With O; as the 
carrier gas, output stabilized at 1.2%. After the change 
to N20, output decreased precipitously to 0.70% and 
then gradually increased over the next 10 min to sta- 
bilize at 1.64%. Switching gases from N;O to O; at 
this point resulted in a sharp halothane output in- 
crease tc 1.9% and then a gradual return to the 1.2% 
baseline over the next 12 min. The concentration of 
NO decreased rapidly (within 1 min) from 99%, sta- 
bilized at 3%, and then decreased gradually to zero 
over a time course that matched that of the decrease 
in halothane concentration. 


Discussion 


The results of experiment 1 are consistent with those 
of Lin (see his Fig. 7) (4). That is, after the transition 
from N20 to O2, vaporizer output increased abruptly, 
nearly tripling, and remained elevated for nearly 30 
min. Conversely, substituting 70% N;O for N, caused 
vaporizer output to decrease transiently py about 25% 
before returning to baseline. Lin attributed these 
changes to differences in viscosity between N2O and 
Oz, which he speculated might alter the internal dis- 
tribution of the bypass and vaporizing chamber flow 
as one gas replaces the other. However, Gould et al. 
(2), after examining results qualitatively similar to those 
of Lin, ascribed the observed aberrancy to the differ- 
ences in solubility of N;O and O; in liquid volatile 
anesthetics. Their conclusions were supported by the 
observation that the decreases in output that occurred 
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while changing carrier gases from O» to NO could 
be prevented by presaturating liquid volatile anes- 
thetics with NO (2). Furthermore, as noted earlier, 
studies from the same laboratory previously had de- 
termined that NO is highly soluble (4.19 and 4.77 ml 
N;5O-ml^! of liquid halothane or enflurane, respec- 
tively) in volatile anesthetic liquids (3). In the studies 
reported by these two groups (2,4), it is not possible 
to separate the effects of the viscosity/density and 
solubility characteristics of the carrier gases because 
both influences may have been at work simulta- 
neously. Our experimerit 2 is an attempt to exclude 
these interactions. 

However, there remain certain limitations in the 
design of our experiment 2. It is not possible to know 
the precise flow of N;O passing through flow meters 
calibrated for O, other than by measuring flow di- 
rectly. This was not done in the present experiment. 
When flow meters are used for gases other than those 
for which they are calibrated, differences in both vis- 
cosity and density can result in the occurrence of dif- 
ferent flows at a given bobbin position (5). This prob- 
ably explains why the baseline concentrations of 
halothane in experiment 2 were different for the two 
carrier gases (1.2% for O, vs 1.64% for N20) despite 
our maintaining constant bobbin positions. 

Nonetheless, once the carrier gas had been changed 
from NO to O, or vice versa, vaporizer flow was 
fixed, and any flow meter inaccuracy or difference in 
density or viscosity between the gases could not have 
played a part in the changing output we observed to 
continue for between 10 and 20 min. 

The results of our experiment 2 support the con- 
tention that N2O dissolved in liquid enflurane or halo- 
thane accounted for the aberrance of the vaporizer's 
output. The decline in N;O concentration in the gas 
exiting the vaporizer after changing gases from N;O 
to O, precisely paralleled the decreasing output of 
halothane. By integrating the area under the N2O out- 
put curve and multiplying by the total O; flow (5120 
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ml/min), one can derive the total amount of N;O dis- 
solved in the 170 ml of liquid anesthetic (806 ml). This 
number agrees reasonably well with that determined 
by Lampert et al. (i.e., 4.19 and 4.77 m] N,O-m17! 
liquid halothane or enflurane, respectively) (3). 

When a nonrebreathing system is used, the aber- 
rant output resulting from changing carrier gases may 
be transmitted quickly and directly to the patient. This 
could result in inappropriate deepening or lightening 
of anesthesia. With circle systems, these changes might 
be of lesser consequence as a result of the circle's 
tendency to buffer changes in volatile agent concen- 
tration. Indeed, it was the rapidly fatal anesthetic 
overdoses we observed in our animal laboratory while 
changing carrier gases from N;50/O» to N/O when 
using the Ohio vaporizer, a nonrebreathing system, 
and controlled ventilation that prompted the present 
investigation. 

In summary, the results presented here support 
the theory that the vaporizer output aberrancy that 
occurs after changing gases is influenced significantly 
by the relative solubilities of carrier gases in the liquid 
anesthetic. Furthermore, these results emphasize that 
clinically significant changes in vaporizer output may 
be induced by changing carrier gases. Regardless of 
the etiology, these relationships must be appreciated 
by practicing anesthetists. 
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Hyperdynamic Cardiovascular Responses to Anesthetic Induction 


with High-Dose Fentanyl 


Ian R. Thomson, MD, Charles L. Putnins, MD, and Robert M. Friesen, MD 


Anesthetic induction with high-dose fentanyl is a 
popular technique for use in patients with cardiovas- 
cular disease, because hemodynamic stability gener- 
ally results (1-3). However, hypotension in associa- 
tion with decreased serum catecholamine levels may 
be observed when benzodiazepines are used in con- 
junction with fentanyl during induction (1,4). Con- 
versely, the combination of fentanyl with pancuro- 
nium can cause tachycardia and myocardial ischemia 
during induction in some patients with coronary ar- 
tery disease (5). These hyperdynamic responses may 
be mediated by antimuscarinic or sympathomimetic 
effects of pancuronium (6,7). We have also observed 
several instances in which anesthetic induction with 
fentanyl and a muscle relaxant other than pancuro- 
nium has been associated with clinically significant 
increases in heart rate and blood pressure. We report 
four such cases in which hyperdynamic responses 
were observed in unstimulated well-ventilated pa- 
tients after administration of either a bolus or infusion 
of fentanyl, 50-100 ug/kg, in combination with either 
metocurine or a metocurine—pancuronium mixture (8). 
The hemodynamic responses observed suggest that 
the sympathetic nervous system may be involved in 
mediating occasional hyperdynamic responses to an- 
esthetic induction with fentanyl. Finally, we present 
a fifth case that we think illustrates a drug interaction 
between fentanyl, pancuronium, and theophylline in 
an asthmatic patient with coronary artery disease. 
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Methods 


All reported cases were encountered in the course of 
institutionally approved clinical trials for which the 
patients had given informed consent (5,9). Four pa- 
tients underwent elective coronary artery surgery, and 
one underwent elective abdominal aortic aneurysm 
resection. All regular antianginal and antihyperten- 
sive medications were administered on the day of 
surgery. After premedication with 0.1 mg/kg mor- 
phine intramuscularly and 0.006 mg/kg scopolamine 
intramuscularly 60 min preoperatively, patients were 
transferred to the operating room where intravenous, 
radial arterial, and thermodilution pulmonary arterial 
catheters were inserted under local anesthesia. 
Electrocardiographic (ECG) lead Vs, systemic arterial 
pressure, pulmonary arterial pressure, and central ve- 
nous pressure (CVP) were recorded continuously by 
a polygraph. Prior to induction all patients breathed 
100% oxygen from an anesthetic machine. End-tidal 
carbon dioxide tension (ETCO2) was monitored con- 
tinuously throughout induction. Patients having 
coronary artery surgery received 0.2 x EDos of a non- 
depolarizing relaxant prior to induction. Fentanyl, 
5 ug-kg "min ?, was administered during induction 
to a total of 50 ug-kg !. After loss of consciousness 
1.3 x EDss of the nondepolarizing relaxant was ad- 
ministered over 2 min, and ventilation was manually 
controlled to maintain normal ETCO;. Anesthesia was 
induced in the patient undergoing abdominal aortic 
aneurysm surgery, with 100 ug-kg ! fentanyl intra- 
venously plus 1.5 x EDss of relaxant given as a rapid 
bolus. Ventilation was controlled to maintain normal 
ETCO; for 4 min after induction. In all patients nor- 
mocapnia during manual ventilation was verified by 
arterial carbon dioxide measurements at the midpoint 
and end of the induction sequence. Complete hemo- 
dynamic measurements including thermodilution 
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Table 1. Features of 5 Patients who Developed Hy perdynamic Cardiovascular Responses to Induction with Fentanyl 








Patient Age Associated Concurreré Drugs Ejection Relaxant Intervention 
number (yr) Sex conditions (mg/day) fraction Procedure (1.5 x EDgs) before intubation 
1 75 M — nons — Abdominal Metocurine— Nitroprusside 
aneurysm pancuronium 
2 58 M Hypertension Propranolol 240 mg 0.77 Coronary Metocurine Nitroglycerin 
Isosorbide €) mg bypass 
Hydralazine 240 mg 
3 46 M — Propranolol 160 mg 0.67 Coronary Metocurine- — 
Isosorbide 120 mg bypass pancuronium 
4 91 Diabetes Propranolol 80 mg 0.80 Coronary Metocurine- Nitroglycerin 
mellitus Nifedipine <0 mg bypass pancuronium 
5 62 Asthma Verapamil 80 mg 0.66 Coronary Pancuronium Nitroglycerin 
Isosorbide 120 mg bypass Verapamil 
Theophyllire 600 mg Propranolol 


Table 2. Hemodynamics and Arterial Carbon Dioxide Tension before and after Anesthetic Induction with Fentanyl 


Patient HR’ (beatssmin ) MAP (mm Hg) PCWP (mm Hg) CVP4 (mm Hg) CF (Lmin -M ?) Paco? (mm Hg) 

number Before’ After’ Before After Befcre After Before After Before After Before Mid After 
1 60 84 110 138 13 17 6 11 2.64 3.12 36 — 34 
2 48 70 114 136 12 16 5 6 2.60 3.52 41 43 40 
3 50 56 93 113 19 21 7 8 2.48 2.60 39 43 39 
4 52 62 90 130 6 14 2 5 2.50 2.80 40 39 35 
5 84 132 95 121 12. 17 4 12 3.99 8.52 35 39 38 


"Heart rate; "Mean arterial pressure; ‘Pulmonary capillary wedze pressure; “central venous pressure; ‘cardiac index; arterial carbon dioxide tension; Before, 


before induction; "After, after induction. 


cardiac output measurements in triplicate were made 
pror to induction and at the end of the induction 
sequence. The patients were subsequently intubated. 


Results 


The demographic characteristics of the five patients 
are presented in Table 1. The hemodynamic conse- 
quences of induction are presented in Table 2. Poly- 
graph recordings during induction in patients 1, 2, 
and 5 are illustrated in Figures 1-3, respectivelv. Heart 
rate, mean arterial pressure (MAD), pulmonary cap- 
illary wedge pressure (PCWP), CVP, and cardiac in- 
dex (CI) increased in each patient, whereas arterial 
PCO, remained within the normal range (35-45 
mm Hg). All patients were well oxygenated through- 
out. The most dramatic changes were noted in patient 
5, an asthmatic who underwent coronary artery by- 
pass grafting and in whom concurrent therapy in- 
cluded verapamil and theophylline. This patient de- 
veloped electrocardiographic ST-segment depression. 
In all patients hyperdynamic responses developed 
gradually over a period of several minutes, akhough 
onset seemed more abrupt in the patient who received 
a 100-ug.kg ' bolus of fentanyl (Fig. 1). Figure 2 is 
typical of the response in patients 2-4 during f2ntanyl 


(5 ug-kg" min" !) infusion with either metocurine or 
the metocurine-pancuronium combination. An initial 
decrease in arterial pressure coincides with loss of 
consciousness, but thereafter a steady increase de- 
velops that overshoots baseline values by the end of 
the induction sequence. Four of five patients required 
intravenous administration of vasoactive medications 
prior to intubation to control the hyperdynamic car- 
diovascular response (Table 1). 


Discussion 


The hyperdynamic responses observed in patients 1-4 
occurred in response to intravenous administration 
of a large (50-100 ug.kg ^!) fentanyl dose in conjunc- 
tion with either metocurine (0.42 mg.kg ^!) or a met- 
ocurine (0.10 mg-kg~') plus pancuronium (0.025 
mg-kg~') combination. Metocurine can cause hista- 
mine-mediated tachycardia and hypotension but not 
hypertension (10). Larger doses (2.0 x EDgs) of the 
metocurine-pancuronium combination have been ad- 
ministered to normal adults with no significant car- 
diovascular response (11). Because normal Paco; was 
maintained in all patients, the observed responses 
must be attributed either to fentanyl or to awareness 
in inadequately anesthetized paralyzed patients. 
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The combination of tachycardia, hypertension, in- 
creased filling pressures, and increased cardiac output 
Observed strongly suggests a role for the sympathetic 
nervous system in mediating these effects. Fentanyl 
causes increased norepinephrine release from sym- 
pathetic nerve endings in isolated canine coronary 
arteries (12). Fentanyl also appears to inhibit neuronal 
reuptake of norepinephrine in both dogs and rabbits 
(12,13). Fentanyl administration is associated with in- 
creased urinary catecholamine excretion in dogs, but 
diazepam reverses this effect (14). The serum cate- 
cholamine response to high-dose fentanyl adminis- 
tration in patients with heart disease is somewhat 
controversial. Some authors report decreased or un- 
changed serum catecholamines (15,16), whereas oth- 
ers have noted increases (4,17). The explanation of 
these disparate results is unclear, but factors such as 
premedication and fentanyl dose may be involved. 


Figure 1. Polygraph recording during induction in patient 1, who 
underwent abdominal aortic surgery after a bolus of 100 ug/kg 
fentanyl and metocurine-pancuronium 1.5 x ED. 


None of these data are incompatible with the hy- 
pothesis that the sympathetic nervous system might 
mediate idiosyncratic responses such as those we de- 
scribe in this report. 

If the sympathetic nervous system is involved in 
mediating the hyperdynamic circulatory responses to 
fentanyl we have observed, then more dramatic re- 
sponses might be expected when other sympatho- 
mimetic agents are used in combination with high- 
dose fentanyl. We believe that the extreme tachycar- 
dia, hypertension, and increased cardiac output, and 
the ECG change observed in patient 5 (Fig. 3) may 
represent such an interaction. B-Adrenergic blocking 
agents were contraindicated in this theophylline-treated 
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Start 3.3 min. 


Fentanyl 
(5,ug/kg/ min.) 


Figure 2. Polygraph recording during induction in patient 3 who 
underwent coronary artery surgery after inducton with 
5 Agkg min! fentanyl for 10 min plus metocurine 1.3 X EDs;. 
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CLINICAL REPORTS 


asthmatic. The combined effects of fentanyl plus the 
antimuscarinic and sympathomimetic effects of pan- 
curonium in a patient with phosphodiesterase inhi- 
bition may have caused the serious reaction observed. 

Cases 1-4 reported here were gleaned from a total 
of 40 patients who received similar anesthetics during 
various clinical investigations, thus indicating an in- 
cidence of approximately 10%. We have observed nu- 
merous similar cases in our clinical practice occurring 
with about this frequency. We can only speculate as 
to why such cases have not previously been reported. 
Variations in anesthetic technique enumerated above 
may influence the incidence of such responses. Pan- 
curonium has been used widely in combination with 
fentanyl and undoubtedly many adverse events have 
been attributed solely to that relaxant. Other reactions 
have probably been mistakenly attributed to increased 
Paco, during induction even when this variable was 
not monitored. Often muscle rigidity associated with 
fentanyl induction necessitates early muscle relaxant 
administration to apparently conscious patients. Pre- 
sumably this might lead to a sympathetic response, 
although the patients are subsequently amnesic for 
these events. This explanation seems inadequate to 
explain the responses observed in our patients but 
cannot be ruled out. 

In summary, hyperdynamic cardiovascular re- 
sponses may occur in occasional patients in whom 
anesthesia is induced with high-dose fentanyl. Such 
reactions are potentially harmful in patients with car- 
diovascular disease. The incidence of such responses 
may vary depending upon premedication, fentanyl 
dose, rate of fentanyl administration and use of ad- 
junctive agents, especially B-adrenergic blocking agents 
and benzodiazepines. Drug interactions may result 
when fentanyl is used with sympathomimetic agents. 
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Reversible Loss of Somatosensory Evoked Potentials during Anterior 


Cervical Spinal Fusion 


Tod B. Sloan, MD, PhD, Ann K. Rona_, ME, BS, PhD, and Antoun Koht, MD 


Occlusion of the carotid artery has been reportec as 
a complication of retractor placement for anterior cer- 
vical spine surgery (1). Failure to detect this cccluson 
can possibly cause cerebral ischemia and corsequent 
cortical damage. Palpation of the temporal artery ptlse 
has been used as a means of detecting vascular Dc- 
clusion, but anatomical variations and inabil-ty to-lo- 
cate the pulse intraoperatively can make ttis tech- 
nique unreliable for monitoring during surgery. 

Somatosensory evoked potentials (SSEP) heve bren 
used during surgery on the spinal column as a me..ns 
of continuously assessing cord function. For surg ral 
procedures in the cervical region, SSEP from med. an 
or posterior tibia] nerve stimulation may be used for 
the monitoring of operations in the high or .ow cer- 
vical spine, respectively. 

Somatosensory evoked potentials have abo been 
used for the detection of central or brainstem ischemia 
(2,3). In addition, median nerve evoked responses 
have been used as a method of monitoring adequate 
cerebral perfusion during carotid endarterectomy -6). 

We present three case reports of patients underzo- 
ing operations for anterior cervical spinal fusion, in 
which changes in the SSEP signal occurred concur- 
rently with retractor placement and returned to base- 
line after the retractor was repositioned. 


Case Reports 


Eighteen patients undergoing anterior cervical lami- 
nectomy with bone graft placement and fusion durng 
the 23-month period ending February 1985 were men- 
itored intraoperatively with SSEP. Stimulatioa of -he 
median (MN) (for operations cephalad to the si-th 
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cervical vertebrae) or posterior tibial nerves (PTN) was 
conducted with a 300-usec square-wave pulse at a rate 
of 8.5/sec and of constant current at least 2 mamp 
above the determined motor threshold. The cortical 
evoked potentials were recorded using sterile sub- 
dermal needle electrodes placed over the contralateral 
hand area (2 cm posterior to C3 or C4 of the inter- 
national 10—20 system) or foot area (midline 2 cm pos- 
terior to Cz) for MN and PTN, respectively, and cer- 
vical spine response measured posteriorly over the 
second vertebral body. A reference subdermal elec- 
trode was placed at the midline on the forehead (Fz) 
and a silver/silver chloride ground electrode on the 
shoulder. The resulting electrical responses from 250 
to 500 stimulations for 50 msec (MN) or 100 msec 
(PTN) after the stimulus were amplified, filtered, and 
digitized with a Nicolet CA 1000 signal averager. 
Bandpass filtration was set for passage between 5 and 
250 Hz. Sixty cycle notch filtration was not utilized. 

During the operation evoked potentials were re- 
corded continuously from unilateral stimulation (al- 
ternating right and left). Abrupt changes in latency 
or amplitude of the cervical cord or cortical responses 
were evaluated for associated surgical, technical, 
physiologic, and anesthetic changes. 

With the exception of Case 3, these patients were 
positioned supine with the neck hyperextended. The 
surgical procedure in these cases involved exposure 
of the cervical spine using an anterior approach. The 
skin was incised using a low collar incision and the 
platysma split along the anterior border of the ster- 
nocleidomastoid muscle. The trachea and esophagus 
were retracted medially and the carotid artery and 
sternocleidomastoid laterally with a Cloward retrac- 
tor. When the spine was exposed, the intervertebral 
discs were removed and tibial or iliac crest bone graft 
placed to accomplish fusion. 

In these 18 cases, SSEP deteriorations (reduction 
in amplitude to less than 5076 of baseline and/or in- 
crease in latency from baseline of at least 1096), oc- 
curred in four cases. In one case the change was at- 
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tributed to a technical problem (electrode disconnected). 
In three patients, the SSEP deterioration occurred after 
the placement of anterior neck retractors and it 
promptly returned to baseline after retractor 
adjustment. 


Case 1 


A 46-yr-old, 84-kg male was admitted to the spinal 
cord intensive care unit with anterior displacement 
and compression fracture of the seventh cervical ver- 
tebrae. A vertebral body fragment was seen in the x- 
ray protruding into the spinal canal by 25%. Neuro- 
logic examination revealed a unilateral C7 radic- 
ulopathy. 

The operation performed was C6-T1 anterior fu- 
sion. The patient was monitored intraoperatively with 
posterior tibial SSEP. After premedication with di- 
azepam (10 mg orally) and morphine sulfate (8 mg 
intramuscularly), he was brought to the operating room 
awake, where a blind nasal intubation of the trachea 
was accomplished using nasal cocainization and in- 
travenous sedation with diazepam (2.5 mg) and fen- 
tanyl (100 ug). After intubation anesthesia was in- 
duced with 375 mg sodium thiopental. During the 
3.5-hr procedure, anesthesia was maintained with 
fentanyl (total dose 1.75 mg), pancuronium (total dose 
5 mg), and halothane (0.5-0.6% inspired) with con- 
trolled ventilation with oxygen (total flow 500-1000 
cc/min). Shown in Figure 1 are several SSEP tracings 
taken during the operation from the postinduction 
baseline (top tracing) through the conclusion of sur- 
gery (bottom tracing). Cervical spine recordings were 
technically unsatisfactory for monitoring. 

Deterioration of the SSEP with decreased ampli- 
tude and increased latency occurred approximately 4 
min after soft tissue retraction in the neck was begun 
(Point A), but before spinal manipulation occurred. 
At this time the blood pressure was 145/85 and ven- 
tilation was unchanged. During a search for related 
events, the temporal artery pulsation was found to 
be absent unilaterally, and the carotid retractor was 
repositioned (Point B), with immediate return of the 
temporal artery pulse and recovery of the SSEP to 
near preclamp baseline by 12 min. Surgery subse- 
quently proceeded uneventfully, and the patient was 
discharged 16 days later with no new detectable neu- 
rologic defects. 


Case 2 


A 35-yr-old, 86-kg male presented with multilevel cer- 
vical and lumbar radiculopathies thought to be sec- 
ondary to a fall 6 yr previously. Prior to this operation 
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Figure 1. SSEP tracings for Case 1. Serial SSEP tracings taken from 
right median stimulation from beginning of surgery (top) through 
surgical closure (bottom). Complete loss of recognizable cortical evoked 
responses from posterior tibial nerve stimulation is seen after place- 
ment of anterior neck retractor (A). These responses return follow- 
ing replacement of the retractor (B). The monitoring peaks of in- 
terest are marked by P3-and Nas. 


he had undergone posterior cervical laminectomy with 
fusion as well as lumbar laminectomy. 

Anterior cervical fusion between C5-C6 and C6-C7 
was planned. He was premedicated with morphine 
sulfate (8 mg intramuscularly). Intubation of the tra- 
chea was accomplished orally after the induction of 
general anesthesia with 500 mg of thiopental. Fen- 
tanyl (total 2.0 mg), pancuronium (total dose 10 mg), 
and isoflurane (0-0.3% inspired) were used for main- 
tenance of anesthesia during controlled ventilation 
with oxygen (total fresh gas flow 1 L/min) for 2 hr. 
Transcervical anterior disk removal and removal of 
the cartilagenous endplate with interbody fusion was 
performed, along with the removal of an osteophyte 
at these levels. 
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The anterior neck retractor was positioned early in 
the surgical course, and a reduction in evoked poten- 
tial amplitude was seen within 3 min. Recordirgs from 
the cervical spine were unchanged. The blood pres- 
sure at this time was 102/60 and ventilat on un- 
changed. Palpation of the temporal artery was limited 
by the surgical draping, and a loss of pulsat on was 
difficult to discern. However, removal and reposi- 
tioning of the retractor was associated with immediate 
return of the temporal pulse and return of the SSEP 
to preretraction baseline within 6 min. The procedure 
was finished uneventfully, and the patient had partial 
resolution of his radicular pain. 


Case 3 


A 54-yr-old female presented after previous bilateral 
radical neck excisions (with unilateral carotd liga- 
tion), mandibular resection and wide soft tissue re- 
moval of a squamous cell carcinoma on the “loor of 
the mouth, and radiation therapy. She had developed 
osteoporosis with flexion deformity of the cervical spine 
secondary to vertebral collapse of the second cervical 
vertebrae with unilateral muscular weakness. Surgical 
correction of her kyphotic deformity and spina. fusion 
were planned. 

After premedication with atropine sulfate (2.4 mg 
intramuscularly), she was brought to the operating 
room where intubation of the trachea was accom- 
plished via the nasal route using topical anesthesia 
(5% cocaine nasally, 4% lidocaine transtrachea ly), in- 
travenous sedation (5 mg diazepam, 100 ug fertanyl), 
and flexible bronchoscopic guidance. After :ntuba- 
tion, anesthesia was induced with thiopental (2*0 mg). 
Anesthesia for the 7-hr procedure was mairtained 
using fentanyl (total dose 2.5 mg), pancuronium (total 
dose 10 mg), isoflurane (0—0.596 inspired), and con- 
trolled ventilation (total fresh gas flow 700 cc/min). 

The procedure was conducted with a combined 
anterior and posterior approach to the cervical ver- 
tebrae in a semi-sitting position. Somatosensory evoked 
potentials were monitored by stimulation of the me- 
dian nerve. Electrodes could not be placed in tke pos- 
terior cervical spine. Access to the temporal artery 
pulsations by the anesthesiologist was not possible 
due to the patient's position and location of the sur- 
gical drapes. As with the previous cases, loss of evoked 
response occurred during the procedure within 5 min 
of retractor placement, at a time when the blood pres- 
sure (120/65) and ventilation were unchanged. The 
SSEP returned within 10 min after retractor removal. 
Her procedure was successfully completed, and her 
postoperative course was without perioperativ2 neu- 
rologic deterioration. 
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Discussion 


In patients at risk for spinal cord as well as cortical 
ischemia, SSEP monitoring may provide a valuable 
method to reduce morbidity. In these patients the 
reversible loss of both SSEP and, in two cases where 
it could be palpated, temporal artery pulsations sug- 
gests the SSEP change was related to carotid occlu- 
sion. Because the incidence of cerebral damage in this 
surgery is low (1), it is not known whether these 
patients would have sustained neural damage had 
these changes been left uncorrected. Experimental 
studies in occlusive vascular models suggest these 
changes could lead to adverse outcome (2-5), and the 
incidence of stroke with occlusion of one carotid for 
endarterectomy can vary from 0.3 to 3% (7). 

In cases of carotid arterial occlusion, the occurrence 
of neurologic dysfunction from cerebral ischemia de- 
pends on vascular supply from the vertebral basilar 
arterial system, the contralateral carotid artery, and 
an intact circle of Willis. In patients with absent ves- 
sels (such as case 3, in whom the contralateral carotid 
artery was absent), reduced vertebral basilar flow (as 
can occur with hyperextension of the neck as in po- 
sitioning for this surgery), or with functionally incom- 
plete circle of Willis (seen in 27.4% of normal brains 
(8)), abrupt reduction in carotid flow may comprise 
cerebral blood flow. Anatomically, the middle cere- 
bral artery (MCA) originates at the junction of the 
internal carotid artery and the circle of Willis, making 
it a likely candidate for reduced blood flow in these 
circumstances. Because the sensory cortex of the con- 
tralateral hand is supplied by the MCA, SSEP mon- 
itoring of the median nerve may detect such ischemia. 
Experience using median nerve SSEP monitoring dur- 
ing carotid endarterectomies (6) has confirmed this 
possibility. 

Because SSEP changes in our three patients were 
not bilateral (i.e., both median nerves or both cerebral 
hemispheres), it is unlikely that they represented an- 
esthetic or physiologic alterations (e.g., hypotension, 
ventilatory changes, or hypothermia). The un- 


changed cervical spinal response in case 2 suggests 


the abnormality was cephalad to the cervical spine 
and, therefore, consistent with cerebral ischemia. 
The potential detection of cerebral ischemia or al- 
tered spinal cord function during surgical procedures 
has made SSEP monitoring an attractive adjunct to 
monitoring during operations where there is risk of 
central nervous system complications. An increase in 
latency and a reduction of SSEP amplitude were con- 
sistent with potentially deleterious conditions in the 
present three patients. The observed changes are con- 
sistent with those seen in reduced cerebral blood flow 
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from carotid occlusion (6) or middle central artery 
occlusion (3-5). The reversibility of the deterioration 
with repositioning of the retractor in all three and the 
confirmation of loss of temporal artery pulsation in 
two strongly suggest that the changes were related 
to carotid artery occlusion. 
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Hazardous Placement of a Robertshaw-Type Endobronchial Tube 


Jerry A. Cohen, MD, Richard A. Denisco, MD, Thomas S. Richards, MD, 
Edward D. Staples, MD, and Arthur J. Roberts, MD 


Operations on the thoracic aorta may be facilitated by 
inserting an endobronchial tube to improve exposure 
of the thoracic aorta so that the left lung can be col- 
lapsed while the right lung is ventilated (1,2). Because 
right endobronchial intubation could compromise 
ventilation to the upper lobe of the right lung, we 
selected a Robertshaw-type left double-lumen endo- 
bronchial tube for a patient who required repair of a 
descending thoracic aortic aneurysm. 


Case Report 


A 76-yr-old man presented with a 3.5-month history 
of intermittent, dull chest pain localized to the left 
subclavicular region. He did not have substernal pain. 
His physician interpreted his chest radiograph as 
characteristic of an aneurysm of the descending tho- 
racic aorta. The trachea was not deviated. After ad- 
mission to the hospital, the patient’s subclavicular 
chest pain increased when his systolic arterial blood 
pressure exceeded 120 mm Hg, but his chest radi- 
ograph was unchanged and his electrocardiogram 
demonstrated no acute changes. He was treated with 
propranolol, 10 mg, every 6 hr and scheduled for 
surgical repair of the aortic aneurysm. A computed 
tomographic scan showed an aneurysm, 12 cm at its 
largest diameter, involving the distal aortic arch and 
extending to the diaphragm. 

Physical examination demonstrated an elderly man 
who was edentulous, with good range of motion in 
both neck and jaw. His lungs were clear to percussion 
and auscultation. Heart rate was regular, and there 
were no murmurs or extra sounds. Medical history 
was noncontributory except for the recent onset of 
paralysis of the left vocal cord. Routine laboratory 
findings were unremarkable. Preoperatively, arterial 


Received from the Departments of Anesthesiology and Surgery, 
University of Florida College of Medicine, Gainesville, Florida. Ac- 
cepted for publication July 31, 1985. 

Address correspondence to Dr. Cohen, Department of Anes- 
thesiology, Box ]-254, J. Hillis Miller Health Center, Gainesville, 
FL 32610-0254. 


© 1986 by the International Anesthesia Research Society 


blood pressure was 90-150 mm Hg systolic and 60-110 
mm Hg diastolic. Pulse ranged from 70 to 80 beats/min. 

The patient was premedicated with morphine sul- 
fate, 10 mg, propranolol hydrochloride, 10 mg, and 
scopolamine hydrobromide, 0.3 mg. In the operating 
room, a 20-gauge Teflon catheter was inserted in the 
right radial artery, and a 7.5-French triple-lumen, 
thermodilution catheter was inserted through the right 
internal jugular vein. One 16-gauge catheter was placed 
in the right arm and another in the left arm. Anes- 
thesia was induced with fentanyl, 15 ug/kg, and main- 
tained with 50% nitrous oxide in oxygen and 0.5-1% 
isoflurane. Pancuronium bromide, 0.15 mg/kg, was 
given to provide muscle relaxation. 

The glottis was exposed and a 37-French left-sided, 
Robertshaw-type double-lumen endobronchial tube 
(Bronchocath) was inserted into the trachea, turned 
leftward, and advanced beyond the carina. Occlusion 
of each lumen demonstrated that the right rather than 
left main stem bronchus had been intubated. Re- 
peated attempts to reposition the tube into the left 
main stem bronchus failed. 

It was decided to attempt placement by directly 
visualizing the tracheobronchial tree with the aid of 
a fiberoptic bronchoscope. The endobronchial tube 
was withdrawn into the trachea and a 3.5-mm fiber- 
optic bronchoscope was inserted to the tip of the bron- 
chial section of the endobronchial tube. The tube and 
bronchoscope were advanced together. Even when 
manipulated under direct visualization, the tube de- 
viated from the left main stem bronchus and entered 
the right. The tube and bronchoscope were with- 
drawn into the trachea, and the bronchoscope was 
advanced beyond the tube into the orifice of the prox- 
imal left main stem bronchus. We then attempted to 
use the bronchoscope as a guide over which to pass 
the endobronchial tube. This failed twice when the 
tube would not enter the left main stem bronchus. 
The tube was withdrawn and a 35-French Robert- 
shaw-type double-lumen endobronchial tube was 
substituted. The smaller tube was advanced with the 
bronchoscope again serving as a guide. The proximal 
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left main stem bronchus was finally entered, and it 
was then seen to be narrowed approximately 40%. 
The narrowed bronchus resisted gentle attempts at 
further advancement of the bronchoscope. The tra- 
cheal and bronchial cuffs were then inflated until the 
air leaks around each cuff were minimal, but the en- 
dobronchial cuff isolated the left lung only when mod- 
erate inward pressure was applied to the endobron- 
chial tube. 

A left thoracotomy was performed, and exposure 
of the operative site was enhanced by deflating the 
left lung. An aneurysm, 6-7 cm in diameter, extend- 
ing from the left subclavian artery to the diaphragm 
was found to be compressing the left main stem bron- 
chus close to the bifurcation of the trachea. Both the 
tracheal and bronchial lumina were compressed. Fur- 
thermore, the aneurysm adhered tightly to the lung 
immediately adjacent to the left main stem bronchus. 

Sodium nitroprusside was used to control the sys- 
tolic blood pressure, and the thoracic aorta was clamped 
at the level of the subclavian artery and at the dia- 
phragm. The aneurysm was incised, its contents evac- 
uated, and a 30-mm, preclotted, woven Dacron gratt 
was sutured within the aneurvsm sac in an end-to- 
end fashion. The patient was discharged on the nine- 
teenth postoperative day after a slow but uneventful 
recovery. 


Discussion 

The presence of vocal cord paralvsis in this patient 
should have alerted us to the possibility that the an- 
eurysm might have been compressing mediastinal 
structures. Vocal cord paralysis, usually on the left as 
in this case, is caused by compression of the recurrent 
laryngeal nerve (3-6) and may be an early sign of 
compression of the tracheobronchial tree (4,6). When 
the aneurysm is large enough to compress the trach- 
eobronchial tree and lung, dyspnea, stridor, and cough 
are often present (3,4). These signs were absent in 
our patient. Not until the relationships of the bron- 
chus and the aneurysm were directly visualized by 
surgical exposure did the full significance of the bron- 
chial narrowing and the potential for a lethal error 
become obvious. 

"Blind" placement of a double-lumen endobron- 
chial tube is usually not difficult. Repeated failure of 
the bronchial extension tube to enter the appropriate 
bronchus, however, may signal an obstruction or de- 
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viation of the bronchus or trachea. Large aneurysms 
of the descending aorta can be an especially hazard- 
ous cause of bronchial obstruction. In such cases, forc- 
ing the endobronchial tube into position could rup- 
ture the aorta as well as the bronchus. Although this 
hazard could be avoided with the use of a right-sided 
double-lumen endobronchial tube, the difficulties of 
assuring adequate ventilation of the right upper lobe, 
even with a slotted cuff, make this alternative unat- 
tractive. The use of a bronchial blocker, such as a 
Fogarty occlusion catheter, to isolate the left lung is 
a rarely used (7) but reasonable alternative to bron- 
chial intubation (8). It is not usable when, as in this 
case, the bronchial obstruction is proximal to the take- 
off of the left upper lobe bronchial segment. Other 
potential hazards of endobronchial intubation include 
bronchial bleeding, perforation, or rupture caused by 
overinflating the cuff or malpositioning the tip (9,10). 
We recommend the use of fiberoptic bronchoscopy 
whenever difficulty is encountered in placing an en- 
dobronchial tube, especially in the presence of tra- 
cheal deviation or vocal cord paralysis, so that airway 
manipulation can be carried out under direct visual- 
ization. Advancing the endobronchial tube beyond a 
narrow segment of bronchus or against resistance is 
unacceptably hazardous. 
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scavenging of Capnometers 


To the Editor: 


In a recent issue of your journal (1985;64:378) there was a 
letter to the editor titled “Capnographs: A New Operating 
Room Pollution Hazard?" The letter described the potential 
hazard of gases exhausted through CO; monitors and in- 
cluded a particular referral to the Puritan-Bennett model. 

Although the risk is minimal, as pointed out by tae au- 
thors, we share their concern for a healthy and safe OR 
environment. To address this issue, we made available be- 
ginning in April 1984 a Return Gas kit (Part number 222014) 
capable of being used with our OR gas monitors (CC. and 
Anesthetic Agent). The kit includes a bacteria filter, return 
tube, and standard 22-mm luer adapter for connecting into 
a scavenging system 

We appreciate the authors' interest in this issue and al- 
ways welcome constructive input regarding product needs 
and requirements. 


Robert J. Conlev 
Puritan-Bennett Corporation 
Wilmington, MA 01887 





Verapamil Treatment of Intractabl 
Reperfusion Ventricular 
Tachycardia/Fibrillation 


To the Editor: 


Kapur et al. have reported a patient undergoing coronary 
artery bypass surgery in whom verapamil was used to ter- 
minate ventricular arrhythmias that were refractory to tra- 
ditional therapeutic measures (1). We experienced a similar 
response to verapamil in a patient undergoing aortic valve 
replacement in whom we could not terminate cardiopul- 
monary bypass because of recurrent ventricular tachycar- 
dia/fibrillation despite the use of lidocaine, bretylium. and 
multiple DC countershocks. 

An 18-yr-old male who had severe rheumatic aortic re- 
gurgitation associated with a dilated, poorly contracting left 
ventricle was scheduled for aortic valve replacemen:. He 
was premedicated with morphine, 10 mg, scopolamine, 0.4 
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mg, and promethazine, 25 mg. Prior to induction of anes- 
thesia, the patient was monitored by an ECG, an intra- 
arterial pressure line, and a Swan-Ganz catheter. Baseline 
blood pressure was 140/70 mm Hg, the ECG showed normal 
sinus rhythm at a rate of 85 beats/min, and the pulmonary 
capillary wedge pressure (PCWP) was 15 mm Hg. Anes- 
thesia was induced with intravenous diazepam, 0.2 mg/kg, 
fentanyl, 20 ug/kg, and alcuronium, 0.3 mg/kg. After in- 
duction of anesthesia and tracheal intubation, the blood 
pressure was 100/50 mm Hg, heart rate 75 beats/min, and 
PCWP 10 mm Hg. After midsternotomy, cardiopulmonary 
bypass was started, and moderate hypothermia (27°C) was 
induced. The aorta was then cross-clamped, and 2000 ml 
of cold potassium cardioplegia solution infused at the root 
of the aorta to induce cardiac asystole. The aortic valve was 
replaced, and the aortic cross clamp was removed. The 
clamping time was 48 min. At that time the perfusion pres- 
sure was 80 mm Hg; the esophageal temperature 35°C; and 
the arterial blood gases revealed Pao; to be 375 mm Hg; 
Paco, 38 mm Hg; pH, 7.42; and base deficit, 0. Serum 
sodium was 129 mEq/L and potassium 4.0 mEq/L. However, 
cardiopulmonary bypass could not be terminated because 
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Figure 1. ECG tracings before and after the administration of 5 mg 
verapamil. (A) Ventricular tachycardia prior to injection of vera- 
pamil. (B,C) The effect of verapamil, which changed the ventricular 
tachycardia into nodal rhythm (B), and then normal sinus rhythm 


(C). 
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of recurrent refractory ventricular fibrillation/tachycardia that 
followed unclamping of the aorta and that did not respond 
to repeated doses of lidocaine (2 mg/kg), bretylium (5 mg/kg), 
or multiple DC countershocks. During a paroxysm of ven- 
tricular tachycardia, one single bolus of verapamil, 0.075 
mg/kg (5 mg), was injected intravenously. Without further 
DC countershocks, the ECG reverted rapidly to nodal, fol- 
lowed by normal, sinus rhythm (Fig. 1). The cardiopul- 
monary bypass could be terminated, and the blood pressure 
stabilized at 100/50 mm Hg, the heart rate at 100 beats/min, 
PCWP at 9 mm Hg, and the cardiac output at 5.3 L/min. 
Arrhythmias did not recur, and no further doses of vera- 
pamil were necessary. 

The effectiveness of verapamil, a calcium channel blocker, 
for control of recurrent ventricular reperfusion arrhythmias 
suggests that calcium-dependent ionic currents may play 
an important role in the genesis and perpetuation of life- 
threatening ventricular arrhythmias of the acutely ischemic 
myocardium (2). Intractable reperfusion ventricular ar- 
rhythmias can occur whether the patient has a normal car- 
diac function (1) or obstructive hypertrophic cardio- 
myopathy (3). Our report shows that it can also occur in 
patients with pure regurgitation lesions associated with 


myocardial dilatation. 


Anis Baraka, MD 

Nada Usta, Mp 
Department of Anesthesiology 
American University of Beirut 
Beirut, Lebanon 
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Fentanyl and Fertilization 


To the Editor: 


I read with interest the article by Bruce et al. on the effect 
of fentanyl on fertilization and early development of sea 
urchin eggs (Anesth Analg 1985;64:498-500). The authors 
make reference in this article to the use of fentanyl in the 
anesthetic management of laparoscopic follicle aspiration 
for ovum retrieval in in vitro fertilization. They conclude 
that fentanyl did not inhibit fertilization or early develop- 
ment in sea urchin eggs, and therefore it might be consid- 
ered for use in the anesthesia for follicle aspiration. How- 
ever, the opioid anesthetics are known to produce or enhance 
the release of prolactin, which can create conditions in the 
endometrium that disfavor implantation of a zygote. 
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Embryo transfer commonly takes place within 48 hours 
of ovum retrieval, and although it seems empirically sound 
to assume that the anesthetics present in the ovum have 
dissipated, the effect of the anesthetic drugs on the patient's 
endometrium must also be considered. 


Walter |. Watson, MD 

University of Rochester Medical Center 
601 Elmwood Avenue 

Rochester, NY 14642 


In Response: 


Dr. Watson's point that prolactin levels increase during 
anesthesia is both well taken and well known. Whether this 
changes the endometrium so as to disfavor implantation 
two days later has not been established but is certainly 
possible. Centers doing human in vitro fertilization have 
had good results with fertilization but only fair results es- 
tablishing pregnancy. Perhaps prolactin effects on the en- 
dometrium are responsible for this. 

Our study addressed the effect of fentanyl on marine 
oocyte fertilization. Human oocyte fertilization is done 4-6 
hr after follicle aspiration, not 48 hr, when Watson believes 
it “empirically sound to assume that the anesthetics present 
in the ovum have dissipated.” We showed that fentanyl 
did not inhibit in vitro fertilization and early development 
of sea urchin eggs. We do not regard fentanyl as an "an- 
esthetic,” but suggest that it might be useful in anesthesia 
for follicle aspiration on the basis of our findings. If anvone 
believed we were claiming to have discovered the definitive 
technique for follicle aspiration anesthesia we are sorry, and 
we thank Dr. Watson for his letter. 


David L. Bruce, MD 

Patricia Norman, MD 

University of Mississippt Medical Center 
2500 North State Street 

Jackson, MS 39216-4505 





Halothane Effects on Synaptosomal 
Acetylcholine Metabolism 


To the Editor: 


In the article by Johnson and Hartzell (1) concerning halo- 
thane effects on synaptosomal acetylcholine (ACh) metab- 
olism, the 3 out of 4 reactions shown to be inhibited by 3% 
halothane are the same 3 out of 4 that are energy-requiring 
and thereby dependent on adequate intracellular energy 
generation. Choline transport is driven by existing trans- 
membrane ion gradients maintained by Na, K-ATPase ac- 
tivity. Acetylcholine biosynthesis uses NAD* and ATP gen- 
erated by mitochondrial oxidative phosphorylation. Finally, 
ACh release also requires oxidative energy, presumably for 
cytoplasmic free Ca** regulation (2). Studies from the lab- 
oratories of Cohen, Hunter, and others dating back almost 
20 years (reviewed in reference 3) have established that 
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Figure ]. 1, Epinephrine, 1: 10,000; 2, calcium chloride, Hri, Bris- 
toject; 3, epinephrine, 1: 10,000, Abboject; 4, lidocaine HCL 15; 5, 
atropine sulfate, 1: 10,000; 6, sodium bicarbonate, 4.2%, Bristoject: 
7, epinephrine, 1: 10,000, Abboject; 5, sodium bicarbonate, 8.47, 
Abboject; 9, dextrose, 30°, Bristoject. 


halothane levels as high as 3% almost completely inhibit 
mitochondrial energy production in vitro. In vivo, halo- 
thane concentrations exceeding 2.3% decreased cerebra! high 
energy phosphate levels in bypass-supported dogs (4). 

An alternative interpretation of the tindings of Johnson 
and Hartzell, therefore, is that they represent direct effects 
of halothane on neuronal energy balance with effects on 
ACh metabolism being secondary to energy deficits. Such 
anesthetic-induced in vivo energy deficits and their sec- 
ondary effects are considered to have little role in the pro- 
duction of anesthesia, because they are evident only et su- 
pra-MAC anesthetic concentrations (4,5). 


Gerald L. Becker, MD 

Department of Anesthesiology 

Michael Reese Hospital and Medical Center 
Chicago, IH. 60616 
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Figure 2. Syringes rolled PSO". 


Injectable Confusion! 


To the Editor: 


We read with interest the letter by Kalish (1), who noted 
great similarity in the packaging of nitroglycerin ointment, 
2%, and lidocaine ointment, 5% (E. Fougera and Company, 
Division of Byk-Gulden, Inc.), and the potential risk for 
inadvertent misadministration of medications that this poses. 
A similar danger exists if single dose syringes (Abboject, 
Abbott Laboratories, North Chicago, IL, and Bristoject, Bris- 
tol Laboratories, Division of Bristol-Myers Company, Syr- 
acuse, NY) are removed from their packages and made 
ready for use (Fig. 1). Syringes 1-7 and 8 and 9 are of 
identical shape and size and are capped with needle covers 
of identical color and virtually identical shape. As the ac- 
companying photographs show, the syringes are labeled in 
a manner that requires more than a casual glance to identify 
their contents from each another. The writing is hard to see 
against the clear solution and can be read in only one plane. 


‘The opinions contained herein are those of the authors and do 
not necessarily reflect those of the Department of the Army or 
Department of Defense. 
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Roll a syringe 180° and the wing-shaped barrel positions 
the syringe so that the label is unreadable (Fig. 2). 
Misadventures stemming from confusion due to the sim- 
ilarity in unit dose syringes have been described previously 
(2,3). Coding needle caps and barrel shape and size may 
not help to prevent error because reliance on a method to 
identify medications other than reading the label could be 
employed (4). However, manufacturers of unit dose sy- 
ringes could label both syringe barrel and accompanying 
medication vial so the drug name would be readable in more 
than one plane and under less than ideal lighting condi- 
tions. Although users of unit dose syringes can minimize 
the risk of drug misadministration by following the man- 
ufacturer's recommendations to assemble svringes and ex- 
amine labels carefully prior to use, makers of these syringes 
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also could improve this situation by applving labels that are 
more readily identifiable. 


Curtis L. Baysinger, MD 
Steven I. Schmidt, MD 
Anesthesia and Operative Service 
Brooke Army Medical Center 
Fort Sam Houston, TX 78234 
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Handbook of Regional Anesthesia. 
P. P. Raj, ed. NY: Churchill-Livingstone, 1985, 
273 pp, $40.00. 


In his preface, Dr. Raj states, "Even though presently there 
is a resurgence of interest in regional anesthesia, there is a 
definite need for a well-trained faculty to teach the tech- 
niques and for residents to perform more regional anes- 
thesia techniques. If this need is met, the number cf pro- 
cedures performed utilizing regional anesthesia will increase, 
which in the long run will benefit the patient. I hope this 
book will contribute a little toward fulfilling that need." 

Few will refute the resurgence of interest in rezional 
anesthesia, the need for the discipline to be taught, or the 
benefits to the patient. How best to achieve these objectives 
is a problem that we have wrestled with long and hard. 
Witness the plethora of books on regional anesthesia that 
are now available to the resident and his teacher. Despite 
this, there remains no substitute for hands-on experience, 
and plenty of it. 

Just where Dr. Raj's book falls in this panorama is subject 
to interpretation by the user. If he uses it as the name 
implies, as a “handbook of regional anesthesia," he may 
be well satisfied, as there is a lot of information packed into 
its 273 pages. However, if the user approaches it as a de- 
finitive or comprehensive text, he will come away 
disappointed. 

The task the book assigns itself is awesome: covering the 
entire spectrum of regional anesthesia and its applica: ions. 
In doing so the book fights against its own space limitations, 
and many areas are treated quite superficially or incom- 
pletely. For example, in the chapter on urologic surgerv, 
local anesthetic agents are recommended, but nothing is 
mentioned with regard to dose. In fact to get any recom- 
mended doses one must refer back to the chapter on tech- 
niques. It becomes bothersome to read a discussion on a 
technique in one section and then move to another to get 
the details of the technique. 

Some of the information may mislead the uninitiated, 
e.g., the duration of a tetracaine spinal block is cited as, 

“up to 3.5 hours of good quality anesthesia is provided with 
tetracaine." One must read closely to see that severa! sen- 
tences before that the author recommends the use of 1:20,000 
epinephrine with hyperbaric tetracaine spinal anesthesia. 
Likewise, 0.75% bupivacaine is advocated without any 
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mention of the possibility of the neurotoxicity other authors 
seem concerned about. 

The book has many excellent pen and ink drawings, five 
black and white photos and eight roentgenographs. The 
chapter "Physiology, Pharmacology and Toxicitv of Local 
Anesthetics” is well done. Itis a concise and fairly thorough 
discussion of the subject matter and is a definite plus in a 
handbook of regional anesthesia. 

I believe this text will find a place in anesthesia depart- 
ment libraries and will be used by the resident and staff 
with some background in regional anesthesia, as a re- 
fresher-type reference. The novice to regional anesthesia 
will find it wanting and need to go to other, more detailed, 
texts. 


Stephen J. Prevoznik, MD 
Professor of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 





Perioperative Cardiac Dysrhythmias: 
Mechanisms, Recognition, Management 
John L. Atlee ii, Mp. Chicago:Year Book Medical 
Publishers, Inc., 1985, 451 pp, $49.95. 


Perioperative Cardiac Dysrhythmias is a comprehensive text 
that complements existing textbooks of electrocardiog- 
raphy. The initial chapter presents a detailed description 
and critique of all studies on the frequency types of ar- 
rhythmias associated with anesthesia. Two other particu- 
larly outstanding sections are the chapters on general car- 
diac electrophysiology, including anesthetic effects on 
dysrhythmias, and on cardiac pacemakers. These chapters 
are noteworthy for their excellent diagrams and tables, 
categorizing material not readily available to anesthesiolo- 
gists in other works. Indeed, the tabulation of pacemakers, 
their responses to electromagnetic interference, possibility 
of reprogrammability, and changes with battery failure ri- 
vals the coverage found in a textbook of cardiac pacemakers. 
The chapter on pharmacologic therapy for dysrhythmias 
completely distinguishes both in vitro and in vivo effects 
of currently available and investigational new drugs. 

As a single-authored text, the writing style is clear and 
consistent throughout, without unnecessary repetition. Ex- 
tensive references are provided with each chapter, the ma- 
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jority of which were published in the late 1970s or 1980s. 
A 44-page index allows the reader to readily locate specific 
topics. Misprints are infrequent. The typeface is clear and 
bold. 

Unfortunately, the discussions of abnormal electrical ac- 
tivity of the heart and the surface electrocardiogram offer 
little new or unique information that cannot be found in 
standard texts of electrocardiography. Subjects such as in- 
traoperative defibrillation and clinical electrophysiologic 
studies receive only limited treatment in this otherwise com- 
plete reference. 

However, the significant advances in cardiac electro- 
physiology and the management of perioperative dysrhyth- 
mias described in this excellent text more than justify its 
inclusion in the libraries of the departments of anesthe- 
siology and practitioners of cardiac anesthesia and cardiology. 


Carol L. Lake, Mp 

Associate Professor of Anesthesiology 
University of Virginia 
Charlottesville, VA 


Editor's Note: The author and publisher have requested that 
attention be called to an error involving a dangerously wrong 
dosage of bretylium on page 404, table 9-2. The dosage 
should read 1-2 mg/min, not 1-2 mg/kg/min. 


Précis D'Anesthésie Loco-Régionale 
P. Gauthier-Lataye, ed. Paris: Masson, 1985, 336 pp. 


This manual on regional anesthesia techniques represents 
an outstanding contribution to the field. It is written in 
French and consists of 14 chapters which are consistently 
well organized and provide a comprehensive "how to" for 
each of the techniques described. The compilation is the 
work of thirteen contributors from five medical schools in 
France, Canada, and the United States. The chapters deal- 
ing with techniques for peripheral nerve blocks are practical 
in their orientation. Those dealing with epidural and spinal 
anesthesia, as well as the epidural and subarachnoid ap- 
plications of opiates, are somewhat more theoretical in scope. 
Most of the chapters are extensively referenced. The art 
work is superb. There is an abundance of full color and 
black and white anatomic drawings of consistently high 
quality. Each of the illustrations is the work of Dr. J. Farny, 
who is both a clinical anesthesiologist and medical artist. 
The uniformity and clarity of the art make the text addi- 
tionally valuable as a learning aid for even the non-French 
reading student. Dr. Gauthier-Lafaye is to be commended 
for this international contribution. 


Dean H. Morrow, MD 
Professor and Chairman 
Department of Anesthesiology 
Baylor College of Medicine 
One Baylor Plaza, Suite 435D 
Houston, TX 77030 
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Anesthesiology—4A Manual for 

Medical Students 

Rhoda D. Levine, ed. Philadelphia: J.B. Lippincott 
Company, 1984, 207 pp, $15.75. 


This multi-authored text was designed as an introduction 
to anesthesia for medical students. The authors achieve 
their stated goal of introducing medical students to the con- 
cepts and skills that all physicians should know about this 
specialty. The text is effectively organized into four primary 
sections: agents and techniques, the perioperative period, 
patients with specific management problems, and other topics 
of importance to the anesthesiologist. Each chapter is short, 
concise, and well written. Information is delivered in a suc- 
cinct manner. The diagrams and charts augment the text. 
Although a contributor's personal philosophy is occasion- 
allv presented, on the whole the matter presented is un- 
biased. The writing style is consistent, which improves the 
readability. 

The major criticism of the text concerns the suggested 
readings. In approximately 25% of the chapters they are 
omitted. A good number are older than 10 years, and some 
will be difficult to find both because of age (journal will be 
on microfilm) and unavailability. Nowhere is there men- 
tioned a general reference for the more interested and ag- 
gressive student to turn to. In general, this book should be 
a welcome addition to the medical student’s bookcase—a 
good buy for a reasonable price. 


Helen R. Westman, MD 
Assistant Professor of Anesthesia 
University of Pittsburgh 
Children's Hospital 

Pittsburgh, PA 





GASMAN— Understanding Anesthesia Uptake 
and Distribution. 

James H. Philip. Menlo Park, CA: Addison-Wesley 
Publishing Co., Inc., 1984, 104 pp, $150.00. 


Dr. Philip is to be congratulated for having produced a user 
friendly computerized introduction to the subject of the 
uptake of inhalation anesthetics. His illustrations of the ef- 
fect of circuit volume, fresh gas flow, alveolar minute ven- 
tilation, cardiac output, anesthetic solubility in blood, an- 
esthetic tension in mixed venous blood on the rise of 
anesthetic in blood, and anesthetic tension in mixed venous 
blood on the rise of anesthetic tension in alveolar gas and 
vessel rich tissues are clear. The text is well written, care- 
fully restating the effects to be observed on the graphs and 
teaching one to experiment with the program as well. The 
presence of both graphic and pictoral formats on the com- 
puter screen may indeed engage attention more effectively 
than either alone could. But some may find the requirement 
for game paddles more a nuisance than an engaging sim- 
ulation of an anesthesia machine. Sound was well used. 
Perhaps the most interesting parts of this simulation are 
chapters 9 and 10. There one is guided into low flow and 
closed circuit anesthetic administration. As Dr. Philip notes, 
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these techniques offer potential savings in wasted anes- 
thetic gas and potential avoidance of exposure of personnel 
to these wastes. Because the same principles of anesthetic 
uptake and distribution apply no matter what the method 
of gas administration, it is quite logical to include these two 
less frequently practiced methods in this teaching too!. Here 
some of the benefits of low flow and closed circuit anesthetic 
administration are easily appreciated. 

I was disappointed that I could not force the system to 
crash, or atleast alarm, bv giving increasingly large amounts 
of halothane. Because the cardiovascular effects of the po- 
tent inhalation anesthetics often become somewhat limit- 
ing, it would be inappropriate to leave the student with the 
impression that anesthetic induction with potent vapors 
does not alter cardiac output. (Because the program does 
allow easy change of parameters, the anesthetist can decide 
him or herself how much the cardiac output might fall and 
try some inductions with and without concurrent altera- 
tions in cardiac output.) 

Dut no program written for a small computer cam sim- 
ulate everything one might imagine in the process of the 
uptake and distribution of inhalation anesthetics. Dr. Philip 
is quite straight-forward in chapter 11 as he describes the 
many things this program will not do. Despite these limi- 
tations, the simple educational value of the program is pre- 
served. It models the most important factors affecting the 
movements of inhalation anesthetics from the gas source 
to the patient's vessel rich group of tissues. These factors 
are of utmost importance during the induction of inhalation 
anesthesia. GASMAN is useful for its illustration of these 
basic points in daily anesthesia practice. The flexibility of 
the program and the clarity of the instructions accompa- 
nying it allow both the novice and the experienced anes- 
thetist to view their techniques of inhalation anesthesia more 
criticallv. 

Barbara W. Brandom, MD 
Assistant Professor of Anesthesiology 
University of Pittsburgh 

Children’s Hospital 

Pittsburgh, PA 15213 


The Manual of Pediatric Anesthesia 
D. 5. Steward. New York: Churchill Livingstone, Inc., 
1984, 377 pp, $24.00. 


The goals of the 2nd edition of The Manual of Pediatric Anes- 
thesia, edited by Dr. David Steward, are to present the prin- 
ciples of pediatric anesthesia and to describe the techniques 
employed at the Hospital for Sick Children, Toronte. The 
text is divided into three sections. The first section on foun- 
dations of pediatric anesthesia provides the reader with a 
very good, concise summary of the psychologic, anatomic, 
physiologic, pathophysiologic, and pharmacologic aspects 
of infant and children care. This section is particularly well 
referenced. The second section on anesthesia for specific 
procedures is the heart of the manual and comprises 202 of 
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the 377 pages of the text. The third section consists of four 


plications of syndromes, suggested minimal stay in the 
postoperative recovery area, suggested drug dosages of an- 
esthetic and adjuvant agents, and finally a review of pe- 
diatric cardiopulmonary rescusitation. 

Although this reviewer believes that the authors have 
achieved their goals in an admirable fashion, several ob- 
vious omissions are worth noting. The intraoperative use 
of somatosensory evoked potentials and its application to 
the surgical approach for kvphoscoliosis, tethered cord, spinal 
cord tumors, and aortic coarctation goes unmentioned. The 
section on the management of the acutely burned patient 
(p 284) fails to recommend the insertion of a Foley catheter 
in order to assess fluid resuscitation, nor does it mention 
alterations in the serum ionized calcium concentration or 
the resistance to the nondepolarizing neuromuscular relax- 
ants. Although the section on renal surgery (p 258) is ex- 
cellent overall, the author fails to describe the treatment of 
hyperkalemia. A recommendation to consult a nephrologist 
is a cop-out! 

In the preface (p IX), the editor states that many con- 
ditions covered within will be successfully treated only in 
a specialty unit. This statement appears in the only bold 
type within the entire text. Although this issue is clearly of 
significant philosophical, ethical, and practical interest to 
the editor, he fails to elaborate on this within in the text. 
This reviewer was disappointed with that omission. 

In addition to omissions, there are several controversial 
statements made without recognition that there is a disa- 
greement, especially for otolaryngological procedures. For 
example, management of the patient with laryngotrach- 
eobronchitis (croup, p 160) is hotly debated. Tracheostomy 
after intubation remains the most frequently chosen path, 
whereas maintenance with a translaryngeal airway (their 
recommendation) is extremely controversial. Another ex- 
ample is their statement that the management of laryngeal 
papillomatosis by tracheostomy, jet ventilation, or both is 
absolutely contraindicated (p 154). The distal spread of pap- 
illoma by jet technique has always been considered possi- 
ble, but there has been meager clinical substantiation. In 
the appropriate patient jet ventilation is a safe technique 
when the anesthesia and surgical staff are alert to possible 
adverse sequellae. A statement on page 144 that cor pul- 
monale from chronic upper airway obstruction is associated 
with blacks is unsubstantiated. 

The use of positive end expiratory pressure (PEEP) in 
neonates with congenital diaphragmatic hernia, which they 
recommend, is considered by most clinicians to be detri- 
mental (p 186). PEEP increases the pulmonary airway pres- 
sure, and this increase is transmitted directly to the pul- 
monary vasculature. PEEP should be used only if significant 
pulmonary parenchymal disease coexists and the improve- 
ment of A-aDo; outweighs the adverse affect on the pul- 
monary vascularity. Finally, their statement regarding the 
absolute incompatability of halothane with epinephrine by 
infiltration is certainly worth challenging. Even the most 
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conservative compatable dosages offer more flexibility to 
the surgeon and the anesthesiologist than none at all. A 
recent study reported the safe use of epinephrine up to 10 
ug/kg in pediatric patients receiving 1 MAC of halothane 
(1). 

This is an institutional manual, and therewithin lies its 
weakness. There is no room to cover the range of circum- 
stances, opinions, and skills available at other institutions. 
However, this manual represents the approach of a highly 
respected institution and as such is a very valuable addition 
to any reference library. 


Lawrence M. Borland, MD 
Assistant Professor of Anesthesiology 
Children's Hospital of Pittsburgh 
125 DeSoto Street 

Pittsburgh, PA 15213 
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Regional Anesthesia and Clinical Applications. H. Carron, G. A. Korbon, 
and J. C. Rowlingson. Orlando, FL: Grune and Stratton, 1985, 1987 pp, 
$39.50. 





A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia is the oldest publication for the specialty 
of anesthesiology. Established 60 years ago, the Journal is the of- 
ficial voice of the International Anesthesia Research Society. It pub- 
lishes original articles, clinical reports, technical commumcations, 
review articles, and letters to the editor to provide researchers, 
practicing physicians, and allied medical personnel in anesthe- 
siology and related disciplines with monthly information to keep 
them current with the latest issues and advances in the feld. 

All papers are reviewed by three or more referees, Aceeptance 
is based upon significance, originality, and validity of the material 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

All papers will be edited for clarity, stvle, factual accuracy, 
internal logic, and grammar. The submitted manuscript should be 
accompanied by a covering letter that must include a statement to 
the editor about all submissions and previous reports thet might 
be regarded as prior or duplicate publication of the same, or very 
similar, work. The title page and abstract of such materia! should 
be included with the submitted manuscript to help the editor decide 
how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements tor Manuscripts Submitted 
to Biomedical Journals," reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

Use the checklist given below for preparation of manuscripts: 


General 

Li Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

.J. Clinical reports describe in 1000 words or less either mew and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originalitv, usefulness, and safety. 

Lj Technical communications are papers that deal with: instru- 

mentation and analvtic techniques. 

[ji Review articles of 2500 to 4000 words collate, describe, and 
evaluate previously published material to aid in evaluating new 
concepts. 

L1 Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles 
or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 


Type manuscripts on white bond paper, 216 by 279 mm (8-1/2 
by lH in.) or ISO A4 (212 by 297 mm) with margins of at least 
25 mm (1 in) using double spacing throughout. 

LJ Begin each of the following sections on separate pages: title 
page, abstract and key words, text, acknowledgments, refer- 
ences, tables (each table, complete with title and footnotes. should 
be on a separate page), and legends. Type only on one side of 
the paper and number pages consecutively, beginning with the 
title page. Type the page number in the upper right-hand corner 
of each page. 

| Submit three copies of manuscript and figures in a heavy paper 

envelope. Submitted manuscripts should be accompanied by a 

covering letter, and permissions to reproduce previousiy pub- 

lished materials or to use illustrations that may identify sabjects. 


LJ Authors should keep copies of everything submitted. 


- The title page should contain the title of the article, which should 
be concise but informative; 


_. A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 


i. First name, middle initial, and last name of each author, with 
highest academic degree(s); 

Li Name of department(s) and institution(s) to which the work 

should be attributed; 

Disclaimers, if applicable; 

Name and address of author responsible for correspondence 

about the manuscript 


LJ Name and address of author to whom requests for reprints 
should be addressed, or a statement that reprints will not be 
available from the author; 


LJ The source(s) of support in the form of grants. 


Bose and Key Words 
; The second page should carry an abstract of not more than 150 
words. 


le-- 


LJ The abstract should state the purposes of the study or investi- 
gation, basic procedures (studv subjects or experimental ani- 
mals; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important as- 
pects of the study or observations. 

_. Define all abbreviations except those approved bv the Inter- 
national System of Units. 

L Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


Text 
— The text of observational and experimental articles is usually — 
but not necessarily— divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their 


content, especially in the Results and Discussion sections. 





Lj Case reports, reviews, and editorials do not require the above 
sections. 

Lo Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 

L Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

L5 Identify precisely all drugs and chemicals used, including ge- 
neric name(s}, dosage(s), and route(s) of administration. 

a Do not use patients’ names, initials, or hospital numbers. 

; Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses 
mathematical derivations, and the like mav sometimes be suit- 
ably presented in the form of one or more appendixes. 


_ Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 

Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data g given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. Avoid claim- 
ing priority and alluding to work that has not been completed. 
State new hypotheses when warranted, but clearlv label them 
as such. 


References 


oe 


Lj 


gU 


_ Number references consecutively in the order in which they are 


first mentioned in the text, except in review articles when ret- 
erences may be arranged alphabetically. 

separ references in text, tables, and legends by arabic nu- 
merals (in parentheses, on line). 

Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 


The titles of journals must be abbreviated according to the style 
used in Index Medicus. 

Try to avoid using abstracts as references; “unpublished obser- 
vations” and "personal communications" may not be used as 
references although references to written, not verbal, commu- 
nications may be inserted (in parentheses) in the text. Infor- 
mation from manuscripts submitted but not yet accepted should 
be cited in the text as "unpublished observations" (in paren- 
theses). Authors citing as references articles from theirown group 
that are in press and that have a bearing on the paper submitted 
should enclose 3 copies of an abstract of such in press materials. 


References must be verified bv the author(s) against the original 
documents. 


_ Examples of correct forms of references are given below: 


Journals: 


F 


h3 


Qt 


Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311—4. 

Corporate Author 

The Royal Marsden Hospital Bone-Marrow Transplantation 
Team. Failure of syngeneic bone-marrow graft without pre- 
S ME in post- hepatitis marrow aplasia. Lancet 197772: 
242- 

NO oe Given 

Anonymous. Coffee drinking and cancer of the pancreas (Ed- 
itorial). Br Med ] 1981;283:628. 

Journal Supplement 

Mastri AR. Neuropathy of diabetic neurogenic bladder. Ann 
Intern Med 1980;92(2 Pt 2):316-8&. 

Frumin AM, Nussbaum J], Esposito M. Functional 
asplenia: demonstration of splenic activity by bone marrow 
scan (Abstract). Blood 1979;54(suppl 1):26a. 

Journal Paginated by Issue 

Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 
1981;16(5ep):24-5. 


Books and Other Monographs: 
6. Personal Author(s) 


Eisen HN. Immunology: an introduction to molecular and cel- 
lular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


10, 


11. 


12. 


Editor, Compiler, Chairman as Author 

Dausset J, Colombani J, eds. Histocompatibility testing 1972. 
Copenhagen: Munksgaard, 1973:12-8. 

Chapter in a Book 

Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 


Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457~-72. 


Published Proceedings Paper 

DuPont B. Bone marrow transplantation in severe combined 
immunodeficiency with an unrelated MLC compatible donor. 
In: White HJ, Smith R, eds. Proceedings of the third annual 
meeting of the International Society for Experimental Hema- 
tology. Houston: International Society for Experimental Hem- 
atologv, 1974:44—6. 


Monograph in a Series 

Hunninghake GW, Gadek JE, Szapiel SV, et al. The human 
alveolar macrophage. In: Harris CC, ed. Cultured human cells 
and tissues in biomedical research. New York: Academic Press, 
1980:54—-6. (Stoner GD, ed. Methods and perspectives in cell 
biology; vol. 1). 


Agency Publication 

Ranofsky AL. Surgical operations in short-stay hospitals: 
United States— 1975. Hyattsville, Maryland: National Center 
for Health Statistics, 1978; DHEW publication no. (PHS) 78- 
1785. (Vital and health statistics; series 13; no. 34). 


Dissertation or Thesis 

Cairns RB. Infrared spectroscopic studies of solid oxvgen (Dis- 
sertation). Berkeley, California: Universitv of California, 1965. 
156 pp. 
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Type each table double spaced on a separate sheet. Do not 


submit tables as photographs. 


pa 


A 


Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 

Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 
in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 

Do not use internal horizontal or vertical rules. 

Cite each table in the text in consecutive order. 

If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor, on accepting a manuscript, may recommend that 
additional tables containing important backup data too exten- 
sive to publish be deposited with the National Auxiliarv Pub- 
lications Service or made available bv the author(s). In that event, 
an appropriate statement will be added to the text. Submit such 
tables for consideration with the manuscript. 


Hlustrations 


| Submit three complete sets of figures. Figures should be profes- 
sionally drawn and photographed; freehand or typewritten let- 
tering is unacceptable. 


Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm (5 by 7 in) but no larger than 
203 by 254 mm (8 by 10 in). 


Letters, numbers, and symbols should be clear and even through- 
out and of sufficient size that, when reduced for publication, 
each item will still be legible. Titles and detailed explanations 
belong in the legends for illustrations, not on the illustrations 
themselves. 


; Each figure must have a label pasted on its back indicating the 


number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 


them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 


Li Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should-contrast 
with the background. 


L1 If photographs of patients are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 


qp 


LJ Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source anc submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 


_. For illustrations in color, supply color negatives or positive tran- 
sparencies and, when necessary, accompanving drawings marked 
to indicate the region to be reproduced; in addition, send two 
positive color prints to assist editors in making recommenda- 
tions. Illustrations will be published in color only if the author 
pays for the extra cost. 


genes for Hlustration 
u _ Type legends for illustrations double spaced starting oa a sep- 
arate page, with arabic numerals corresponding to the illustrations. 


L] When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. Explain internal scale and identify meihod of 
staining in photomicrographs. 


A Drevari 
i 3 The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measure- 


ment. Avoid abbreviations in the title. 


gum 


b ; Do not synthesize new or unusual abbreviations. When manv 
abbreviations are used, include all in a box of definitions at the 
start of the article. 


— 


Lj Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology 
Editors style manual: a guide for authors, editors, and pub- 
lishers in the biological sciences. 4th ed. Arlington, Virginia: 
Council of Biology Editors, 1978; and 


n3 


O'Connor M, Woodtord FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


hia Principles 
z .. When reporting experiments on human subjects, indicate whether 
the procedures followed were in accord with the ethical stan- 
dards ot the Committee on Human Experimentation of the in- 
stitution in which the experiments were done or are in accord 
with the Helsinki Declaration ot 1975. 
.. When reporting experiments on animal subjects, indicate whether 
the institution's or the National Research Council's guide for 
the care and use of laboratory animals was followed. 


Exclusive Publication Statement 

L| The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 


currently under consideration for publication elsewhere. 


L. Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 
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DUAL PATHWAYS 


ESTER HYDROLYSIS HOFMANN ELIMINATION 


Catalyzed by At normal body 
nonspecific temperature (379C) 
esterases and pH (7.4) 


Quaternary 3 ^ 
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onvenient and Ready to Use 


Tracrium is easily administered —requires 
no premixing. 


NEAN 





Few Cardiovascular Effects 
at Recommended Dosages 


Q Tracrium* (atracurium besylate) produces virtually 
no clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels —a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 


Cardiovascular effects of atracurium 
N 


Dosage Mean Blood Pressure (% control) N 
) Values + SD 








(mg/kg 


Dosage Mean Heart Rate (% control) 





(mg/kg) 





Values + SD 





Adapted from Basta et al.? 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


C Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


O Once recovery begins, it is relatively rapid and 
independent of dose 


0 This means that you do not have to calculate pro- 
gressively smaller doses for repeat administration, and 
that recovery is more consistent and predictable 


"One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 2596-7595 recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative. . . .''' 





Copr. *1984 Burroughs Wellcome Co. All rights reserved. 


TRACRIUM INJECTION 


Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDgs) for curare, 
at the upper limits of the clinical dosage range 

(at 2 x EDgs) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium? 


CO The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 


REFERENCES: 

1. Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: A new 
intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
2. Katz RL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3. Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A;: A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 71982;57:A261. 





Vagal stin result, bradyc. ng anest UE 
“may be more common with Tacrium than with mer muscle Ds 


: Telaxants, 


Tracrium | may have profound. effects i in patients wh 
myasthenia gravis. Eaton-Lambert syndrome or other .— 
Reuromuscular diseases or in patients with severe — 

- electrolyte disorders or carcinomatosis. z 


The safety of Tracrium- has not been established in patients 
with bronchial asthma. © 


Drug Interactions: The neuromuscular blocking action of 
Tracrium may be enhanced by entlurane; isoflurane: 
“halothane: certain antibiotics: especially the aminoglycosides 
and polyenysins: lithium; magnesium Salts, procainamide: or 
quinidine : 


if other muscle relaxants are used during the same - 


10 mi Multi-Dose Vial 


10w available for 


TRACRIUM® INJECTION 
(atracurium besylate) 


- of these inhalation agents; however, if Tracrium is fi 
~ administered under steady State of isoflurane or en 
e Convenient the initial A irn oe should be reduced by 
e Economical | 
o Uniquely 

Identifiable 


_ procedure, the possibility of a synergistic or antagonist effect should be considered. 


.Prior administration of succinylcholine does not enhance the duration, but quickens the ~ : 
„onset and may: increase e ihe depth of neuromuscular blockade induced by dise AIR 


(atracurium 








NOW IN THREE VOLUMES! 





The Second Edition of the definitive American reference... 





ANESTHESIA 


Edited by RONALD D. MILLER, M.D. 


With 70 notable contributors 


Churchill Livingstone is especially proud to 
announce the medical publishing event 
of 1985—the newly revised, fully 

updated, and expanded edition of 
ANESTHESIA. 


Thoroughly covering fundamental 
principles and important new 
developments, ANESTHESIA, Second 
Edition, features the incisive writings of 
leading American authorities in all of the 
subspecialties of anesthesia. 


22 NEW CHAPTERS have been 

added to this edition and they cover: 

e the history and scope of anesthesia 
practice 

* legal aspects 

¢ scientific toundations— pharmacologic 
principles, physics, computers, and 
Statistics 

* anesthetic risks 

* diagnosis and treatment of intraoperative 
cardiac dysrhythmias 

* anesthetic depth and MAC 

e basic physiology and pharmacology of 
the neuromuscular junction 

* anesthesia for patients with abnormal 
renal function and genitourinary 
Operations 


1986. Three-volume set. 
813 illustrations, 426 tables. 7" x 10". $150.00 


* anesthesia for carotid endarterectomy 
and for patients with liver disease 


This edition offers a completely new 
whole section on specific anesthetic 
problems and/or techniques with fuli 
chapter discussions on: 

e deliberate hypotension 
* malignant hyperthermia 
* hypothermia 

e aspiration pneumonitis 


Authoritative chapters of the first edition 
have been rewritten to reflect current 
knowledge with regard to preoperative, 
intraoperative, and regional anesthesia .. . 
psychological functions during anesthesia 

. Systems and specific areas . 
consultant anesthesia practice |... and 
anesthesia in critical care medicine. 


Due to be published in December, this 
comprehensive, profusely illustrated 
three- volume work provides an authoritative, 
information-packed survey of the current 
state of the art in anesthesia. 


2,485 pages. 
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Managing Editor 


esuscitation 


John B. McCabe, Wright State University 


school of Medicine, 


Dept. of Emergency Medicine, 
P.O. Box 927, Dayton, Ohio 45401, U.S.A. 


Feunding Editor 


H. Hillman, Unity Laboratory, 


Dept. of Human Biology and Health, University of Surrey, 


Guildford, Surrey, U.K. 





Aims and Scope 
RESUSCITATION isa quarterly 
international interdisciplinary 
medical journal. The papers 
published deal with the etiology, 
pathophysiology, diagnosis and 
treatment of acute diseases. 
Clinical and experimental 
research, reviews and case 
histories will be published. 


Editorial Policy 

The originality of content of 
papers submitted and the 
quality of the work on which 
they are based is the prime 
consideration of the editors. 
Authors whose papers have 
been rejected for publication in 
the journal may respond to 
detailed comments again, and 
resubmit their paper, but the 
decision of the Editor-in-Chief 
advised by reviewers is final. 


Editorial Board 

F.W. Ahnefeld (U/m) 

M.S. Albin (San Antonio, TX) 
D.K. Anderson (Cincinnati, OH) 
C. Brown (Columbus, OH) 

S. Bursztein (Haifa) 

H.H. Chen (Bejing) 

A. Gilstcn (London) 

M. Goulon (Paris) 

G.C. Hamilton (Dayton, OH) 
M.S. Jastremski (Syracuse, NY) 
K. Little (Edinburgh) 


A. Lowenthal (Antwerp) 


N. Nishimura (Tokyo) 
M.M.Pcllack (Washington DC) 


S.H. Ralston (West Lafayette, IN) 


J. Verdura (Mexico) 
D. Zideraan (London) 


Consulting Editors 
V. A. Negovsky (Moscow) 
P. Safar Pittsburgh, PA) 








Send your orders to: 


Resuscitation 


An exciting journal for the dis- 
semination of clinical and basic 
science research relating to this 
field. 


Subscription 
Information 

1986: Volume 14 (1 vol. in 

4 issues) 

subscription rate: US $114.00 
Personal rate: US $45.00 
(prices include postage and 
handling) 

ISSN 0300-9572 


Elsevier Scientific Publishers Ireland, Ltd., P.O. Box 85, Limerick, Ireland 


Requests for ‘ree sample copies should be sent to 


Inthe U.S.A. and Canada 

Journal Information Center 

ELSEVIER SCIENCE PUBLISHERS. 

52 Vanderbilt Avenue, New York, NY 10017 U.S.A. 


The US $ price is definitive. 


In all other countries: 

ELSEVIER SCIENTIFIC PUBLISHERS 
IRELAND LTD.. 

P. O. Box 85, Limerick, ireland 


FL37A336 








Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps *'take off 
the pressure" to the circulation of the face and 

scalp during prolonged anesthesia. It's unique ''hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 lbs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient's head in the neutral, “‘sniffing’’, 
position. It even helps free up one of your hands 
when you're using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow's reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse's bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It's made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It’s easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 
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Specialty Review in Anesthesiology 
starts May 11, 1986 


Call Toll-Free 24 Hours 
1-800-621-4651 


You limit vour practice to Anesthesiology — providing 
you with expertise and specialization. Likewise, our 
specialization has made us the experts in CME. 
Discover why more than 4,000 Anesthesiologists have 
placed their confidence in us, Discover The Graduate 
School — your CME specialist 


Call toll-free 

in Hlinois 
1-800-621-4649 
or write to us at 


OF 
SCHGDL MEDICINE 707 South Wood 


Your CME Specialist — Chicago, IL 60612 





CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and Publishers in 
the Biological Sciences 

Widely accepted and recommended as the 
standard reference for journals and books tn the 
biological sciences 


Special features of this newly updated and greatly expanded edition include: 

* four new chapters; * complete revision of the section 

* reorganization of the "Manuscript on "Plant Sciences"; 
Preparation"! section for easier * cross-listing of "Abbreviations 
reference; and Symbols"; 

* new conventions in the chapter on 


"Stvie in Special Fields’; and much more... 


CONTENTS: Ethical conduct in authorship and publication * Planning the 
communication * Writing the article * Prose style for scientific writing * 
References * llustrative materials * Editorial review of manuscripts * 


Application of copyright law * Manuscript into print * Proof correction * 
Indexing * General style conventions € Style in special fields * Abbreviations 
and symbols * Word usage * Secondary services for literature searching * 
Useful references with annotations * Subject index 


ISBN: 0-914340-04-2; clothbound; publication date: September 1983; trim 
size 6 x 9 inches; 324 pages 


Regular Price; $24.00 (10% discount on 10 or more copies delivered to one 
address) 
CBE Member Price: $21.50 (single copy paid by personal check) 


Terms of Sale: All sales final; no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 
For faster delivery--first class, air mail, or UPS available at additional 
charge (book weight | lb 9 oz). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 





JEFFERSON MEDICAL COLLEGE 
THOMAS JEFFERSON UNIVERSITY 
IN HISTORIC PHILADELPHIA 


THE DEPARTMENT OF 
OTOLARYNGOLOGY AND THE OFFICE OF 
CONTINUING MEDICAL EDUCATION 


present 


THE USE OF THE CO2 LASER 
FOR HEAD AND NECK SURGERY 


at Jefferson Medical College 
Philadelphia, PA. 


A two day workshop given on the following dates: 


February 21-22, 1986 
April 18-19, 1986 


ANESTHESIOLOGISTS: 
e limited to 28 participants 
« 8 credit hours in Category | 
e participation in Day | of each two day workshop 
e fee: $300.00 


OTOLARYNGOLOGISTS: 
e limited to 12 participants 
e 16 credit hours in Category | 
e participation in Day | and Day Il, including four (4) hours 
of laboratory exercises. 
» fee: $850.00 


Registration fee includes course syllabus, 
continental breakfasts, coffee breaks, luncheons 
and an evening banquet. 


For information regarding registration call: 
Office of Continuing Medical Education 
(215) 928-6992 


For information regarding course content call; 
LOUIS D. LOWRY, M.D., PROGRAM DIRECTOR 
STEVEN R. CHESNICK, M.D., CO-DIRECTOR 
AT (215) 928-6784 


PEPERIT LLLI ELLE E EE REEL ERE d olii e A m ap mie fem it lt AM “Min A 


tear out and mail to: 
THE USE OF THE CO» LASER 
FOR HEAD AND NECK SURGERY 
Jefferson Medical College 
Office of Continuing Medical Education 
1025 Walnut Street » Philadelphia, PA. 19107 
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Date of workshop you wish to attend... |. 
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ANESTHESIOLOGIST 


Board Certified/Eligible Anesthesiologist needed 
as Associate in Section of Anesthesia of 110 
member Multi-specialty Clinic which serves as a 
referral center for surrounding areas of North- 
eastern Pennsylvania and the Southern Tier of 
New York State. 


State of the art facility. Medical school teaching 
affiliation through surgical residency program 
provides a stimulating environment. Tertiary Case 
Center performing 6500 anesthetic procedures 
per year. Most types of surgery performed with 
emphasis on cardiovascular and neurosurgery. 


Area provides attractive living conditions with 
many summer and winter recreational activities 
readily available. Easy access to major metropcl- 
itan areas. Excellent salary and fringe benefits. 
Respond with Curriculum Vitae to: 


G. V. Ippolito 

Assistant Vice President 
GUTHRIE CLINIC 

Sayre, PA 18840 

(717) 888-5858 





m jJ COLLEGE OF MEDICINE 
| Pp RIYADH, SAUDI ARABIA 


"Or Ee 


i KING SAUD UNIVERSITY 


CARDIAC ANAESTHESIOLOGISTS 


Applications are invited from suitably qualified anaes- 
thesiologists to fill the posts of Consultants, Senior 
Registrars, and Registrars in the Cardiac Surgery Unit 
projected to open in June 1986, at King Khalid Uni- 
versity Hospital. 


Applicants should have American Board with two 
years experience in Cardiac Anaesthesia or other equi- 
valent qualification. 


Very attractive and negotiable salaries. 
Application letter with comprehensive curriculum 


vitae and addresses of three references should be sent 
to: 


The Dean, College of Medicine 
King Saud University 
P.O. Box 2925 
Riyadh 11461, Saudi Arabia 








NITROUS OXIDE/N,O 


Editor: Edmond I. Eger Il, M.D., Professor and Vice Chairman for Research, pen of m 


Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other. more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N;,O is a complete resource on the subject. 
It describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N.O are 
reviewed by means of: 
m thorough discussion of N.O pharmacology and 
distribution 
m detailed summary of known side effects and toxicity 
8 practical guidelines for avoiding and managing 
these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by propenents of 
both views. Nitrous Oxide/N,O is a controversial work that 
everyone using the drug will want to read. 


Order from your usual supplier or 
Elsevier Science Publishing Co.. Inc. 
PO. Box 1663, Grand Central Station, New York, NY 10163 





Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics. Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity. and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide Epil ogue Index. 


1984 416pages 0-444-00860-8 cloth $37.50 


(Distributed outside the US A and Canada by Faward Arnold Ltd London : 


ELSEVIER 


Note: Price subject to change without notice. 


In NY State please add applicable sales tax. EB 248 
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ANESTHESIOLOGY FELLOW 
Two openings for a 6-month obstetrical 
anesthesia fellowship, one beginning Oc- 
teber 1986 and the other, January 1986. Pro- 
gram includes a total of 6 months in the 
ird of Anesthesiology at UCI 
Medical Center and Memorial Hospital 
Medical Center, Long Beach. Both are Level 
3 Perinatal Centers with 4000 deliveries per 
year. There is opportunity to take part in 
clinical research and teaching of medical 
students. Applicants must be eligible for 
California state licensure. Inquiries from all 
qualified applicants are welcome. Contact 
Ho Joon Choi, Mp, Director of Obstetric 
Anesthesia, University of California, Irvine 
Medical Center, 81A, Orange, CA 92668. 





“ANESTHESIA, YOUR BABY, AND YOU" 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact: APPCOR PRO- 
DUCTIONS, 3652 Carleton 5t, 5an Diego, 
CA 92106. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS; 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Include phone number 
in response. Reply to Box K23, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Avenue, New York, NY 10017. 





ANESTHESIOLOGIST—PHOENIX, ARIZONA 
AREA 

JCAH Hospital Accreditation—no obstet- 
rics. Board certification highly desirable. 
Unique group practice offers very early 
partnership. Available now! Send CV to Box 
K24, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 





ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
tc join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


ANESTHESIOLOGIST 

Board certified anesthesiologist, 3-5 vears 
experience for busy Midwest practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. 5alary first year. 5end inquiries 

and CV to Watauga Anesthesia Associates, 

PA, 301 Birch Street, Boone, NC 28607. 


FREELANCE ANESTHETISTS 

Temporary & Permanent— Medical Anes- 
thesiologists—CRNAs. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750, ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 








SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All types of surgery 
except open heart. Opening immediately. 
Excellent compensation and future for right 
person. Response confidential. Pittsburgh 
area. Submit CV to Box L26, % Anesthesia 
and Analgesia, Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 








FLORIDA 

Tampa Bay area. Anesthesiologist to join 
multispecialty group. Fee-for-service with 
first year guarantee. Reply with CV to Bran- 
don Surgical Group, 710 Oakfield Drive, 
Brandon, FL 33511. 








ARIZONA 
Show Low/Lakeside-Pinetop. Anesthesiol- 
ogist needed for busy surgical community. 
Private practice opportunity. Population base 
of 35,000. Arizona's best recreational area 
with four seasons and close to skiing. A 
regional referral center for the White Moun- 
tains, the hospital is expanding and reno- 
vating. Contact James Marovich, Admin- 
istrator/CEO, Navapache Hospital, 2200 
Show Low Lake Road, Show Low, AZ 85901. 
Phone: 602-537-4375. 


WORLDWIDE ANESTHESIA 

is an exciting organization of anesthesiol- 
ogists and CRNAs who specialize in relief 
services and provide qualified candidates 
for permanent positions throughout the US. 
To be included in our computerized data 
base or to recruit from the nation's largest 
resources of anesthesia personnel, call or 
write Worldwide Anesthesia, Box 1547, 
Ukiah, CA 95482. Nationwide 1-800-327- 
8427. "Over a decade of placement 
experience." 


UNIVERSITY OF MIAMI COMPREHENSIVE 
REVIEW COURSE IN ANESTHESIOLOGY MAY 
6-11, 1986 

Will be held at the James L. Knight Con- 
vention Center/Hyatt Regency, Miami, 
Florida. For more information contact 
Professional Seminars, PO Box 021318, 
Miami, FL 33101. Telephone 305-547-6411. 


CALIFORNIA: ANESTHESIOLOGIST 
Pull-time faculty position at Associate/Full 
Professor level in young department with 
emphasis on teaching and research. Com- 
plete clinical services in one hospital. Pre- 
requisites include board certified; meet Cal- 
ifornia license requirements; clinical expertise 
in neuro, pain and/or pediatrics; demon- 
strated ability as a research scientist; and 
ability to write scholarly articles. Send cur- 
riculum vitae, bibliography and names of five 
references to John H. Eisele jr, MD, Anesthe- 
siology Department, University of Califor- 
nia, Davis, Medical Center, 2315 Stockton 
Boulevard, Sacramento, CA 95817. Position 
open until filled but not later than February 
28, 1986. We are an Equal Opportunity/Af- 
firmative Action Employer. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum 3A page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $.90 per word, min- 
imum twenty words; or $1.00 per word for box 
number ads. Copy deadline 7 weeks prior to 
publication, e.g., for the March issue, copy 
should be received by the 1st of January. Full 
payment or institutional purchase order must 
accompany the copy for each ad. Ads received 
without a check or purchase order will be re- 
turned. Ad copy, subject to acceptance by pub- 
lisher, should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 


ANESTHESIOLOGIST 

We specialize in the recruitment and place- 
ment of anesthesia personnel for perma- 
nent and temporary positions throughout 
the US. American Anesthesia Recruiters, 211 
East Camelback, Suite 1, Phoenix, AZ 85012 
(602-978-4306). 








SITUATION WANTED 

Anesthesiologist, BE, proficient in all areas, 
excellent training, 5 yr experience in com- 
munity hospital. Looking in Philadelphia 
metropolitan area. Please respond to Box 
M30, % Anesthesia and Analgesia, Desk Ed- 
itorial Department, Elsevier Science Pub- 
lishing Company, 52 Vanderbilt Avenue, 
New York, NY 10017. 








DISTRICT OF COLUMBIA: 
ANESTHESIOLOGIST 

550-bed University Hospital with under- 
graduate and postgraduate didactic and 
clinical teaching program. Primary affilia- 
tion with Children’s Hospital, National 
Medical Center. New fully equipped re- 
search lab, active ambulatory, surgical and 
regional anesthesia facility. Salary open. Ex- 
cellent tringe benefits including full liability 
coverage. D.C. license required. Board cer- 
tified or eligible. Equal opportunity and af- 
firmative action employer. Send CV with 
reply to Burton S. Epstein, MD, George 
Washington University Hospital, 901 23rd 
St, NW, Washington, D.C. 20037. 








ANESTHESIOLOGIST 
Full-time faculty position at Assistant/As- 
sociate level in young department with em- 


phasis on teaching and research. Complete 
clinical services in one hospital. Prerequi- 
sites: fellowship year or equivalent training 
in subspecialty area; board eligibility; meet 
California license requirements; ability to 
write scholarly articles; and a genuine com- 
mitment to inquiry. Send curriculum vitae 
and names ofthree references to John H. Eisele 
Jr, MD, Anesthesiology Department, Uni- 
versity of California, Davis, Medical Center, 
2315 Stockton Boulevard, Sacramento, CA 
95817. Position open until filled but not later 
than February 28, 1986. We are an Equal 
Opportunity/Affirmative Action Employer. 








IMMEDIATE OPENING: BC/BE 
ANESTHESI@LOGIST 

Arkansas, near recreation area yet not far 
from city. Substantial financial package. 
No neuro, cpen heart, or vascular. Reply 
to NAMA, FO Box 24, Carlisle, MA 
07141. Phone 617-369-5980. 








PGY-4 PEDIATRIC ANESTHESIA, UNIVER- 
SITY OF EOWA 

Applications: are invited for a specialized 
year in Pediatric Anesthesia to include clin- 
ical, research, and intensive care experi- 
ence. Address inquiries to Judith Dillman, 
MD Department of Anesthesia, University 
Hospital, lowa City, lowa 52242. 


FELLOWSHIPTN CRITICAL CARE AND HIGH 
RISK ANESTEESIA 

Academic ICU Program associated with su- 
perb laboratory facility is offering 1-2-year 
fellowship for anesthesiologists (B or BE). 
Preop consultation, intraoperative manage- 


ment, and postop ICU management of high- 
risk patients are stressed. Excellent oppor- 
tunity for research in postoperative pain 
control (continuous techniques), metabolic 
consequences of prolonged anesthesia, and 
neurohumoral control of the circulation. 
Boards in internal medicine or strong re- 
search background preferred. Address in- 
quiries to Jonathan Kay, MD, Department of 
Anesthesia, Medical College of Wisconsin, 
9200 West Wisconsin Avenue, Milwaukee, 
WI 53226. 








POSITION WANTED 

Anesthesiologist, BE, AMG, orals in 1986, 
excellent training, proficient in all phases of 
anesthesia practice. Seeking relocation with 
progressive group, any area. Reply to Box 
L28, 9c Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 








ANESTHESIOLOGIST 

Southern California management corpo- 
ration has opportunities—both entry and 
practice/management—for board eligible or 
certified anesthesiologists to serve hospitals 
under contract. Attractive income, benefits, 
and profit-sharing package. Reply to box 
L29, % Anesthesia and Analgesia, Desk Edi- 
torial, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 





PERMANENT POSITION WANTED 
CRNA-—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 








USO 


ANESTHESIOLOGY 
REVIEW COURSE 


MAY 16-21, 1980 
SAN DIEGO 


“IN-DEPTH” REVIEW 
COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited 
for 38 hours. 


Specialty Review in Anesthesiology 
starts May 11, 1986 


This symposium is designed 
to give the practitioner a 
complete review of the 
applications of basic 
science to the clinical 
practice of anesthesiology, 
Five one-day sessions will 
feature the following 
specialists: 


Jonathan L. Benumof, M.D. 
Mark R. Fahey, M.D. 

Carl C. Hug, Ir; M.D., Ph.D. 
lohn D. Michentelder, M.D. 
Ronald D. Miller, M.D. 
Mark M. Mitchell, M.D 
Joseph G. Reves, M.D. 
Mark C. Rogers, M.D. 
Barry A. Shapiro, M.D. 
Harvey M. Shapiro, M.D. 
Sol M. Shnider, M.D. 

N. Ty Smith, M.D. 


Theodore H. Stanley, M.D. 
David |. Steward, M.B. 
Gale E. Thompson, M.D. 
lohn H. Tinker, M.D. 
Clarence F. Ward, M.D. 
Peter R. Wilson, M.B.B.S., 
Ph.D., EF. A.R.A.C.S. 


Course Directors: 
lordan Katz, M.D. 
Lawrence lI. Saidman, M.D. 


For further details write to: 

Dr. Jordan Katz 

Department of Anesthesia, 
M-029 

University of California, 

San Diego 

La jolla, CA 92093 

(619) 452-6969 


Learn all YOU need to know about EEG 
monitoring and interpretation techniques. 


EEG MONITORING 
IN ANESTHESIA 
AND CRITICAL CARE 
State of the Art: 19886 


Betty i. Grundy, M.D. Course Director 


March 14-16, 1986 
Caesars Palace 
Las Vegas, Nevada 


immediately precedes the annual meeting ct 


the internation&! Anesthesia Research Bociety 
A distinguished faculty will autiine the indications for EEG monitoring 





and present tne state af the art in monitoring techniques and interpreta- 


Pen Pa pean & se be int EE to most -of the comerc i ially available 
Call Toll-Free 24 Hours EEG monitoring inséramente in anal! group Sessions, and gil! compare several 


EEG pr ocess i ing devii ces with Kaas ional binigcthart. EEGs simultaneously 
recorded in voiunteer Su bject 


Physicians completing ve COurSE& will nave tre information needed tG 
Jeg ide if, when, and how the EEG shóuld be monitored in their operating room 
om a - and critical care unit, 
AADAMA AET nOA AAAA naaa ASA 
H 


ACULTY: 


Frag Bausan, R. fag T, 
You limit your practice to Anesthesiology — providing dd NE aroas ir ine, M.D 
you with expertise and specialization. Likewise, our Jonn T, Martin, M,B 
specialization has made us the experts in CME. 
Discover why more than 4,000 Anesthesiologists have 
placed their confidence in us. Discover The Graduate 


School — your CME specialist. 


Fr es M. "eote, MeD 
Stephen Slogaff, Mf, 


z . ABMNIihiRA AMPH AEE E EEEE EE e S ETEA ULL RT CUT RERUN TERN E TES 
Course Tuition: 

5300.00 far all regi istrant & üefore February 14, 19888; $350.00 afterwards. 
Enrollment is jimited, Cancellation af registration Oy written notification 
oniy prior to February eH. i9: were is 4 $40.00 cancellation fee, 


heck payable to the 
| Care of: 
US, Caro) xn SEMENA 


Anesthesiology Alumni Association af Florida, 


Call toll-free 

in Illinois 
1-800-621-4649 
or write to us at 
707 South Wood 
Chicago, IL 60612 


Gainesville, FL 32804 
(904) 392-4616 
AMA Physician's Recognition Award-~Gredit 17 hours 
Sponsored by the Anesthesiology Alumni Association of Florida, inc. 
Co-sponsored by the international Anesthesia Research Society 





Your CME Specialist 
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IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscriptiom to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the [ARS annual meeting; Educational 
Members pay no registration fee. 


... . MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $50.00 U.S.; $61.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 


mim m Lnd 
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International Anesthesia Research Society p 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me ~ application(s) for: Membership (mu) 


Associate Membership (__) 
Educational Membership {mm} 


Please print clearly: ! 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 
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PAVULON” 
ipancuromum bromide miection 

BRIEF SUMMARY 

{Please consult package insert for full prescribing information | 

[ THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS | 


| FAMILIAR WITH ITS ACTIONS. CHARACTERISTICS AND HAZARDS 


Lense D E EE AAA A R E 


ACTIONS: Pavulon is à non-depolarizing neuromuscular blocking agent possessing ail of the 
characteristic pharmacological actions of this class of drugs (curaniformi on the tyoneut al 
pnction 

Pavulon ipancuromum bromide) is antagomzed by acetylcholine, anticholinesterases, and 
potassium ion its action 1s increased by inbalational anesthetics such as halothane. diethyl ether, 
enfiurane and methoxyflurane, as well as quinine, magnesium salts. hypokalemia. some carcin- 
omas. and certain antibiotics such as neomycin. streptomycin, clindamycin, kanamycin, gentami- 
cin and bacitracin The action of Pavulon may be altered by dehydration, electrolyte imbalance. 
acid-base imbalance. renai disease. and concomitant administration of other neuromuscular 
agents 


CONTRAINDICATIDNS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide ion 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION. 
OXYGEN THERAPY. AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

in patients who ate known to have myasthema gravis small doses of Pavulon may have 
profound effects A peripherat nerve stimulator is especially valuable in assessing the effects of 
Pavulon «t such patients 


USAGE IN PREGNANCY: The sate use of pancuronium bromide has not been established with respect 
to the possible adverse effects upon fetal development Therefore. it should not be used in women 
of childbearing potential and particularly dunng early pregnancy unless in the judgment of the 
physician the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean sectiont, but reversal of pancuromum 
may be unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced, as 
indicated. in such cases 


PRECAUTIONS: Although Pavulon has been used successfully in many patients with pre-existing 
pulmonary, hepatic. of renal disease, caution should be exercised in these situations This is 
particularly true of renal disease since a major portion of administered Pavulon is excreted 
unchanged in the une 


ADVERSE REACTIONS: Neuromuscular the most frequently noted adverse reactions consist pn 
manly of an extension of the drugs pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency or apnea inadequate reversal of 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuromum bromide) as with all curariform drugs. These adverse reactions are managed by 
manual or mechanical ventilation until recovery is judged adequate 

Cardiovascular’ A slight increase in pulse rate is frequently noted 

Gastrointestinal Salivation i$ sometimes noted during very hght anesthesia. especially if no 
antichohnergic premedication is used. 

Skin An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory One case of wheezing. responding to deepening of the inhalational anesthetic, has 
been reported. 


DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients receiving potent volatile inhalational anesthetics such as halothane. diethy! ether, 
entiurane and methoxyflurane 

Priot administration of succinylcholine, such as that used tor endotracheal intubation, 
enhances the relaxant effect of Pavulon and the duration of action it succinyichaline is used 
before Pavulon, the admimstration ot Pavulon should be delayed until the succinylcholine shows 
signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the Supervision of 
experienced climcians DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE See package insert for 
suggested dosages. 
CAUTION: Federal taw prohibits dispensing without prescription 
HOW SUPPLIED: 

2 mi ampuls-2 mg / ml —-boxes of 25, NDC z:0052-0444-26 

Smi ampuls—2 mg/m! —boxes of 25. NDC z:0052-0444.25 

10 mi. vials-1 mg/ml —boxes of 25, NOC 2:20052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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| multiple-dose vial 
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In 
Sleversal 


of nondepolarizing 

muscle relaxants, 

dont look for what's better... 
„OOk for whats best aF 


® ^N e 
Regonol à; 
(oyridostigmine == 
bromide injection, USP) 
when compared to neostigmine 


L] Clinically fewer side effects 

L] Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

O Wide margin of safety’? 


EN 
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Regonol (pyridoshgmne bromide nection UP) 


BRIEF SUMMARY —(Please consuit full package insert. 
enclosed in every package, before using Regonot) 


INDICATIONS — Pyridostigmine bromide is useful &s a rover- 
sal agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS — Known hypersensitivity tc anticho- 
linesterase agents: Intestinal and urinary obstructions of 
mechanical type. 

WARHINGS — Pyridostigmine bromide should be used with 
particular caution In patients with bronchial asthma or cardiac 
dysrhythmias. Translent bradycerdia may occur and be 
relieved by atropine sulfate. Atropine should alto be ised with 
caution in patients with cardiac cysrhythmias. When large 
doses of pyridostigmine bromide a administered, as during 
reversal of muscie relaxants, prior cr simultaneous injection of 
atropine sulfate is advisable. Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily avaliable. 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
dafined by a combination of clinical judgement, respiratory 
maasurements and observation of the effects of peripheral 
nerve stimulation. If there is any doubt concerning tha ade- 
quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued until 
all doubt has been removed. 


Uso in Pregnency— The safety of pyridostigmine bromide 
during pregnancy or lactation in humans has not been estab- 
fished. Therefore its use In women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child. 

ADVERSE REACTIONS — The side effects of pyrkdostigmine 
bromide are most commonly related to overdosage and gen- 
eralty are of two varieties, muscarinic and nicotinic. Among 
those In the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased pertstalgis, increased saliva- 
tion, increased bronchial secretions, miosis and dlaphoresis 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen In an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Throm- 
bophlebitis has been reported subsequent to intravenous 
administration. 


DOSAGE AND ADMINISTRATION When pyridostigmine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, itis recommended that atropine sulfate (0.6 to 
1.2 mg) or glycopyrrofate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with ts admin- 
istration. Side effects, notably excessive secretions and 
bradycardia, are thereby minimized. Reversal dosages range 
from 0.1-0.25 mg./kg. Usually 10 o* 20 mg. of pyridostigmine 
bromide will be sufficient for antagonism of the effects of the 
nondepotarizing muscle relaxants. Although full recovery may 
occur within 15 minutes m most patients, others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It s recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained, 
recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur, e.g., in the presence of 
extreme debllitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents, 
notably ether. Under these circumstances ventilation must be 
supported by artificial means unt the patient has resumed 
contro! of his respiration. 

HOW SUPPLIED—Regonol is available In: 
5 mg./ml.: 2 ml. ampuls—boxes of 25—NDC-0052-0460-02 
5 ml. vials —boxes of 25 —NDC-0052-0450-05 


REFERENCES: 

1. Gyermek L: Clinical studies on the reversal of the neuro- 
muscular blockade produced by pancuronium bromide. 1. 
The effects of glycopyrrolate and pyridostigmine Curr Ther 
Res 18:377-386, 1975. 
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* Superior hemodynamic stability 

* Shorter recovery times 

* Better maintenance of postoperative analgesia 
* Lower total cost per procedure 


*in a comparative study” of patients undergoing major orthopedic 
surgery who received either SUFENTA-N;O (n=10) or isoflurane-N;O (n=10). 


1. Scientific Exhibit, Sufentanil vs. Isoflurane in Major Orthopedic 
Procedures (Fahmy NR, Principal Investigator), March 1983. 


2. Fahmy NR, Beemer GH, Roberts JT. Symposium Report, Advances 
in Anesthesia, a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 


* Smoother, more rapid induction 


* When given before intubation, reduces 
hypertension and tachycardia 

* Promotes fast, comfortable recovery 

* More effective blocking of catecholamine 
response to surgery 

* Superior intraoperative hemodynamic stability 

* Smaller volume of injection 

* Lower total cost per procedure 


Send 


3. Smith NT, Dec-Silver H, Harrison WK, et al. ASA Abstract, 





4. Flacke JW, Bloor BC, Flacke WE, et al: Comparative Effects of 
Sufentanil and Fentanyl Versus Meperidine and Morphine in 
Balanced Anesthesia. Symposium Report, Advances in Anesthesia, 
a New Synthetic Narcotic for the 80s, Atlanta, Oct 8, 1983. 
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SUFENTA sentani citrate) injection C 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION —— . . | 

SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-[-4- (mehoxymethyl) -1- [2- 
(2-thienyljethy!]-4-piperidinyl]-N-phenylpropanamide 2-hydroxy-12.3-propanetricarboxyiate (1). 

SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equivalen: to 50 ug per ml of 
sufentanil base for intravenous injection. The solution has a pH range of 35-75. 


CLINICAL PHARMACOLOGY 

SUFENTA is an opioid analgesic. When used in balanced general anesthesia, SUFENTA has bees reported to be as 
much as 10 times as potent as fentanyl, When administered as a primary anesthetic agent with 100% Oxygen, 
SUFENTA is approximately 5 to 7 times as potent as Pay (See dosage chart for more compete information on 
the use of SUFENTA). At doses of up to HON, SUFENTA provides profound analgesia; at doses z-8 pg/kg, 
SUFENTA produces a deep level of anesthesia. SUFENTA produces a dose related attenuatior: of catecholamine 
release, particularly norepinephrine. 


The pharmacokinetics ot SUFENTA can be described as a three-compartment model, with a distribution time of 14 
minutes, redistribution of 171 minutes and an elimination half-life of 164 minutes. The liver anc:small intestine are 
the major sites of biotransformation. Approximately 80% of the administered dose is excreted «thin 24 hours and 
only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA is approximately 92.5%. 


SUFENTA has an immediate onset of action, with relatively limited accumulation, Rapid elimination from tissue 
Storage sites allows for relatively more rapid recovery as compared with equipotent dosages of fantany! At dosages 
of SUFENTA of 1-25g/kg, recovery times are comparable to those observed with fentanyl; at dosages of 2-6 g/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 23 
ug/kg of SUFENTA, recovery times are more rapid compared to equipotent fentany! dosages. 


Al eid Un of 2:8 ug/kg, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic 
agents. À deep level of anesthesia is maintained at these dosages, as demonstrated by EEG patterns. Dosages of up 
to 25 ugíkg attenuate the sympathetic response to surgical stress. The catecholamine response. particularly 
norepinephrine, is further attenuated at doses of SUFENTA of 25- 30 yg/kg, with hemodynamic stability and preser- 
vation of favorable myocardial oxygen balance. 


The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate dusing SUFENTA-oxy- 
gn anesthesia. The vagolytic effect of pancuronium may be reduced in patients administeredinitrous oxide with 

FENTA. The use of moderate doses of pancuronium or of a less vagolytic neuromuscular blocking agent may be 
used to maintain a stable lower heart rate and blood pressure during SUFENTA-oxygen anesthesia 


Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for 
neuromuscular blocking agents are generally lower as compared to patients given fentanyl or halc:hane, and compa- 
rable to patients given enflurane. 


Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxide 
with high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output 


Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels and no 
indication of histamine release. 


SUFENTA at 20 ug/kg has been shown to provide more adequate reduction in intracranial volume than equivalent 
doses of fentanyi, based upon requirements for furosemide and anesthesia supplementation in ose study of patients 
undergoing craniotomy. During carotid endarterectomy, SUFENTA produced EEG patterns and recuctrons in cerebral 
blood flow and oxygen utilization comparable to those of enflurane. 


The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a slight reduction in 
systemic vascular resistance during the initial postoperative period. The incidence of postoperstive hypertension, 
need for vasoactive agents and requirements for postoperative analgesics are generally reduced :n patients admin- 
istered moderate or high doses of SUFENTA as compared to patients given inhalation agents. 


skeletal muscle rigidity is related to the dose and speed of administration of SUFENTA, This muscular rigidity may 
occur unless preventative measures are taken (see Warnings). 


Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA is used at sub-anesthetic dosages At high doses, a 
pronounced decrease in pulmonary exchange and apnea may be produced. 


INDICATIONS AND USAGE 

SUFENTA (sufentanil citrate) is indicated: 

as an analgesic adjunct in the maintenance of balanced genera! anesthesia. 

as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% ::xygen in patients 
undergoing major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting 
position, to did favorable myocardial and cerebral oxygen balance or when extended postoxerative ventilation 
IS anticipat 


SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF SUFENTA. 


CONTRAINDICATIONS 
SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS 
SUFENTA should be administered only by persons specificaily trained in the use of intravenous anes- 
thetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid onset 
than that seen with fentanyl, SUFENTA may produce muscular rigidity that involves the skeletal muscles of the neck 
and extremities, The incidence can be reduced by: 1} administration of up to % of the full pazalyzing dose of a 
hon-depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to B 
ug/kg, 2) adrmmstration of a full paralyzing dose of a neuromuscular blocking agent following loss of consciousness 
when SUFENTA is used in anesthetic dosages (above 8 ig/kg) titrated by slow intravenous infusion, or. 3) simulta- 
neous administration of SUFENTA and a full paralyzing dose of a neuromuscular blocking agentwhen SUFENTA is 
used iri rapidly administered anesthetic dosages (above 8 ug/kg). 

The neuromuscular blocking agent used should be compatible with the patient's cardiovasculat status. Adequate 
facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA, It is 
essential that these facilities be fully equipped to handle all degrees of respiratory depression. 

PRECAUTIONS 

General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated gatients. The effect 
of the initial dose should be considered in determining supplementa! doses. 


Vital signs should be monitored routinely. 


Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY). 


The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation required 
should be considered in the selection of a neuromuscular blocking agent. 

High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia 
has been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to atrepne. 

Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone. 
Because the duration of respiratory depression produced by SUFENTA may last longer than tse duration of the 


Opioid antagonist action, appropriate surveillance should be maintained. As with all potent spioids, profound: 


analgesia is accompanied by respiratory depression and diminished sensitivity to CO, stimulationawhich may persist 
into or recur in the postoperative period. Appropriate postoperative monitoring should be employed to ensure 
that adequate spontaneous breathing is established and maintained pror to discharging the patient from the 
recovery area. 


interaction with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous 
system and cardiovascular effects may be enhanced when SUFENTA is administered to patients receiving barbitu- 
rates, tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases @ combined treat- 
ment, the dose of one or both agents should be reduced. 


Head injuries: SUFENTA may obscure the clinica! course of patients with head injuries. 


Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respira- 
tory reserve or potentially compromised respiration. In Such patients. opioids may additionally decrease respiratory 
ünve and increase airway resistance. During anesthesia, this can be managed by assisted or conialled respiration. 


Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA shoule be administered 
with cautior: due to the importance of these organs in the metabolism and excretion of SUFENTA. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies 5! SUFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealec that single intra- 
venous doses of SUFENTA as high as 80 jag/kg (approximately 25 times the upper human disse) produced no 
Structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating ‘est also revealed 
no mutagenic activity See ANIMAL TOXICOLOGY tor reproduction studies in rats and rabbits. 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rato:ts when given in 
doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects ware most probably 
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No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits. 


There are no adequate and well-controlled studies in pregnant women, SUFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery Therefore, 
Such use is not recommended. 


Nursing Mothers: i! is not known whether this drug is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when SUFENTA is administered to a nursing woman. 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
Surgery has been documented in a limited number of cases. 


Animal Toxicology: The intravenous LDso of SUFENTA is 168 to 18.0 mg/kg in mice, 118 to 130 mg/kg in guinea 
pigs and 101 to 195 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 25 
times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to 
decreased food consumption and anoxia, which preclude any meaningful interpretation of the results. 


ADVERSE REACTIONS 

The most common adverse reactions of opioids are respiratory depression and skeletal muscle rigidity. See CLINI- 
CAL E WARNINGS and PRECAUTIONS on the management of respiratory depression and skeletal 
muscle rigidity 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: hypoten- 
sion (7%), hypertension (394), chest wall rigidity (396 and bradycardia (396) 

Other adverse reactions with a reported incidence of less than 196 were: 

Cardiovascular. tachycardia, arrhythrnia Dermatological itching, erythema 

Gastrointestinal: nausea. vomiting Central Nervous System: chilis 

Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 
depression, bronchospasm 


DRUG ABUSE AND DEPENDENCE 
SUFENTA (sufentanil citrate) is a Schedule II controlled drug substance that can produce drug dependence of the 
morphine type and therefore has the potential far being abused. 


OVERDOSAGE 

Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see CLINICAL 
PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences o! overdosage with SUFENTA 
have been established during clinical trials. The intravenous LD, of SUFENTA in maie rats is 934 to 12.5 mg/kg (see 
ANIMAL TOXICOLOGY for LAs in other species). intravenous administration of an opioid antagonist such as 
naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration of action of the opioid antagonist. 
Administration of an opioid antagonist should nol preclude more immediate countermeasures. In the event of 
overdosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or 
apnea. A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. If 
depressed respiration is associated with muscular rigidity, a neuromuscular blocking agent may be required to 
facilitate assisted or controlled respiration. Intravenous fluids and vasopressors for the treatment of hypotension 
and other supportive measures may be employed. 


DOSAGE AND ADMINISTRATION 

The dosage of SUFENTA should be individualized in each case according to body weight, physical status, underlying 
pathological condition, use of other drugs, and type of surgical procedure and anesthesia. In obese patients (more 
than 20% above ideal total body weight), the dosage of SUFENTA should be determined on the basis of lean body 
weight. Dosage should be reduced in elderly and debilitated patients (see PRECAUTIONS). 


Vital signs should be monitored routinely. 
See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 za/kg as an anaigesic 


adjunct tà general anesthesia, and 2) in doses 28 ya/kg as a primary anesthetic agent for induction and mainte- 
nance of anesthesia with 100% oxygen. 


Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age undergoing 
Cardiovascular surgery, an anesthetic dose of 10-25 pg/kg administered with 100% oxygen is generally recom- 
mended. Supplemental dosages of up to 25-50 ug are recommended for maintenance, based on response to initial 
dose and as determined by changes in vital signs indicating surgical stress or lightening of anesthesia. 
Premedication: The selection of preanesthetic medications should be based upon the needs of the individual 
patient. 

Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with the 
patient's condition, taking into account the hemodynamic effects of a particular muscle relaxant and the degree of 
Skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS) 
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i ADULT DOSAGE RANGE CHART 


MAINTENANCE DOSAGE 


ADMINISTRATION WITH NITROUS OXIDE/OXYGEN FOR SURGICAL PROCEDURES 
LASTING UP TO EIGHT HOURS: 


* TOTAL DOSAGE REQUIREMENTS OF 1 ,G/KG/HR OR LESS ARE RECOMMENDED 





TOTAL DOSAGE 


1-2 ug/kg: Expected duration of anesthesia 1-2 
hours. Approximately 75% or more of total 
SUFENTA dosage may be administered prior to 
intubation. Administered with nitrous oxidefoxygen 
in patients undergoing general surgery in which 


10-25 ug (0.2-0.5 ml): as needed when movement 
and/or Changes in vital signs indicate surgical stress 
or hghtening of analgesia. Supplemental dosages 
should be individualized and adjusted to remaining 
operative time anticipated. 


endotracheal intubation and mechanical ventilation 
are required. 


2-8 ug/kg: Expected duration of anesthesia 2-8 | 10-50 ug (0.2-1 mil): as determined by changes in 
hours. Approximately 50 to 75% of total SUFENTA vital signs that indicate stress or lightening of anal- 
dosage may be administered prior to intubation. gesia. Supplemental dosages should be individual- 
Administered with nitroŭs oxide/oxygen in patients | ized, and adjusted to the remaining operative time 
undergoing more complicated major surgical proce- anticipated. 

dures. At dosages in this range. SUFENTA has been 

shown to provide some attenuation of sympathetic 

reflex activity in response to surgical stimuli, pro- 

vide hemodynamic stability, and provide relatively 

rapid recovery. 


ADMINISTRATION WITH 100% OXYGEN 


8-30 ug/kg: (anesthetic doses) administered with 
100% oxygen and a muscle relaxant. SUFENTA has 
been found to produce sleep at dosages z8 ug/íkg 
and to maintain a deep level of anesthesia without! 
the use of additional anesthetic agents. At dosages 
in this range of up to 25 Hg catecholamine 
release is attenuated. Dosages of 25-30 ug/kg have 
been shown to block sympathetic responses includ- 
ing catecholamine release. High doses are indicated 
in patents undergoing major surgical procedures, 
such as cardiovascular surgery and neurosurgery in 
the silting pesilion with maintenance of favorable 
myocardial and cerebral cxygen balance. Postoper- | 
ative mechanical ventilation and observation are | 
| 


25-50 ug (0.5-1 ml): as determined by changes in 
vital signs that indicate stress and lightening of 
anesthesia. 


essential at these dosages due to extended post- 


operative respiratory depression. 

in patients administered high (anesthetic) doses of SUFENTA, it is essential that qualified personnel and adequate 
facilities are available far the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

For purposes of administering small volumes of SUFENTA accurately, the use of a tuberculin syringe or equivalent ts 
recommended. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to admurustra- 
tion, whenever solution and container permit, 

HOW SUPPLIED l e 
SUFENTA (sufentanil citrate) Injection for intravenous use is avaiable as: 
NOC 50458-050-01 — 50 ug/mi, 1 mi ampoules in packages of 10 

NDC 50458-050-02 50 gg/ml, 2 mi ampoules in packages of 10 

NDC 50458-050-05 — 50 ug/mi, 5 mi ampoules in packages of 10 


JANSSEN 


Protect from light. 
Store at room temperature. 


7618502-M 
May 1984, June 1984, June 1985 
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Introducing STRAPEZE" 


While others slip and slide all over the place, 
we ve made a name for ourselves by staying put. 


No more fumbling for the tape. No 


more sticky adhesive devices, And no 


more concerns for the security and 
safety of vour patient's airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


strap versus tape 
Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam IS, a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambswool, 


So easy to apply 
Ihe STRAPEZE "one-step" fastening 
concept brings a new measure of as- 
surance and security to endotracheal 
tube placement. And there's nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient’s 
neck, loop around tube and fasten with 
the Velero tab back onto the strap's 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it wcn't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 

ProTechPacific 
STRAPEZE was designed to answer 
the demanding needs of today's medical 
professional. Its innovative simplieity 
erases the tedium and uncertainty of 
performing an important task, And 
its specialized function is another 
example of ProTech Pacifie's ongoing 
commitment to your profession, 
STRAPEZE. New convenience, New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


U.N, Pitteaie 


preanting 


» 1221 Andersen Drive 
T San Rafael, California 9490] 


Call Toll Free; 800/227-0517 


In Calif. 415 [459.0745 


Manufacturers of Protective Medical Products 





Albumin & PPF 


areno safer 
or more 


effective than. 
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As safe 
as albumin or PPF 


In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). +? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.» 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.^ 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
Is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,'^ and hemorrhagic, traumatic, 
or septic shock.^? 





American Critical Care 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter. ^7 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients: ^" And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 
Phone 1-800-323-4980. 





Lifesaving, | 
moneysaving | 


HESPAN 


hetastarch 


American Hospital Supply Corporation 





Please see references and brief summary of 
prescribing information on following nase 


References: L Diehl JT Lester JL, Cosgrove DM: Clinical 
comparison of hetastarch and albumin in JM geeks 
Ege Thorac Surg 34 (8: , 1982. 

In 
erative cardiac surgery patients, Care Med 11 Ao 
945, 1983, 3. Kirkin J Lal WA, Kouchoukne NE roxy- 
ethyl starch versus albumin for colloid Infusion following 
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patients with hypovolemic and septic shock. Crit Care Med 
11(11y839-850, 1983. i 


HESPAN tretastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 


CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal fature with oliguria or anuria 

WARNINGS 


Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient protor- 
gation of prothrombin, partial thromboplastin and clotting 
ties: With administration ot large doses, the pivsican 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 

Hematocrit may be decreased and plasma proteins diluted 
eas a naon ot arpe vakaa o 





Usage in Leukepherests: Significant declines in platelet 

Ee DTO E a eene eiie 

- donors undergoing repeat o Ape procedures ea 

to the volume expanding effects of hetastarch. Hamoglobin 

iby ahr rtuti Do Norta wapi 2 o Hemen 
tion by hetastarch and saline may also result In 24 hour 

declines of total protein, albumin, calcium and fibrinogen 


values. 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
an o uis an on Therefore, it should not be used 
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PRECAUTIONS 

The of circulatory overload should be kept in 
mind. S ss ce ee ee ee 
have impaired renal clearance since this Is the principal 


n levels 

0.83 00:03 ree Rave Baer recorted it 
2 out normai subjects who received muitiple heta- 
starch Infusions. Total bilirubin was within normal limits at 
ali times; indirect bifirubin returned to norma by 96 hours 
following the final infusion. The significance, if any, of these 
elevations is not known; however, caution 
observed before administering hetastarch to patients with 
a history of itver disease. 
Regular and frequent clinical evaluation and laboratory 
determinations ara necessary for proper monitoring of 
hetastarch use during leukapheresis. Studies shou 
include CBC, EE ed and platelet courts, leukocyte 
differential count, obin, hematocrit, prothrombin 
time (PT) and partial thromboplastin time (PTT) 
Hetastarch is nonantigenic. However, allergic or sensitivity 
reactions have been reported (see REACTIONS] 
H such reactions occur, they are readily controlled by dis- 
continuation of the drug and, if necessary administration of 
an antihistaminic agent. 
ADVERSE REACTIONS 
The following have been reported: oe! mild tempera- 
ture elevation, chdis, itching, submaxifary and parotid gian- 
dular enlargement, mild influenza-like syrnptoms, head- 
ace nece pane pepe ee E 

extremities, and anaphylactok reactions consisting of pert 
orbital edema, urticaria, and wheezing. 
HOW SUPPLIED 


c in 500 mi intravenous infusion bottles. 


Federal (U.S.A) law prohibits dispensing without pre- 
scription. Rev: Feb., 1982 
Distributed by 
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s. American Corporation 
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by P. Rivers C 


An easy-to-use sophisticated disk-based ‘Expert System’ for the IBM 
PC at an incredibly low cost. 


EXPERTS is an excellent example of the new breed of p 

called ‘Expert’ or ‘Knowledge Base Management’ Systems (KBMS). 
Although analogous to Database Management Systems, 
information can be stored in KBMS as concepts rather than hard 
data. 


EXPERT4 can be used to create and manipulate a knowledge base, 
which employs models of human reasoning or ‘artificial 
intelligence. It draws on deductive and fuzzy logic, 
multidimensional statistics and cognitive psychology. The theory 
behind EXPERT4 is fully discussed in the documentation which 
accompanies the disk. 

EXPERT4 offers a spreadsheet which enables the user to create files 
or ‘domains’ each of which is made up of ‘elements’ which have 
‘attributes’. These have ‘attribute values’. For example, in a domain 
called ‘People’, ‘Jane’ is an element. One of her attributes is ‘Hair 
colour’. Jane has brown hair hence ‘Brown’ is the attribute value. 
Inferencing facilines in EXPERT4 calculate and display 
relationships amongst the elements and attributes in terms of 
sumilarity and typicality. Any two selected items can be compared in 
detail for their similarities and differences. 

An example use would be to assist with diagnosis of a group of 
diseases with similar symptoms. Existing knowledge of the diseases 
can easily and quickly be entered into a domain and new information 
is easily incorporated later. Similarities and differences between 
items can be explored in terms of the high-level concepts physicians 
usually employ. 

EXPERTS offers facilities for manually constructing decision tree 
rules. Decision rules are used in expert systems to enable users to 
classify new items (e.g. diagnose new cases) while minimising the 
requests for information about the item. EXPERT4 supports 
facilities for selecting sub-sets of items. All calculations can be 
performed on sub-sets as well as the whole domain. 


Thus a flexible diagnostic tool is created which can quickly 
distinguish whether a patient’s symptoms are more typical of 
diagnosis A than diagnosis B, C or D. 

Other potential uses of EXPERT are manifold, but to give the user 
an introduction to the program, two completed domains are 
incorporated on disk as examples. 


Package includes: 
Documentation + 5.25” floppy disk for the IBM PC. 


TO ORDER 
Documentation + 5.25" disk for IBM PC 
US $99; UK £66 


Prices include postage & packing. 


SEND FOR CATALOG - SENU FOR CATALOG 


Bulk purchase discounts available on application. 

Payment must accompany order, and may be made by: 

1. Cheque: Made out to ‘Elsevier’ in pounds sterling or US dollars. 

2. Credit card: We accept AmEx, Visa and Access/Master Card/Eurocard. 
Please give card number, expiry date, issuing bank {if appropriate), the 
cardholder's name and address and signature. 


PLEASE SEND ALL ORDERS TO: Elsevier-BIOSOFT, 68 Hills Road, Cambridge CB2 1LA, UK. 


Elsevie 


-BOSD ea 





SUBSCRIBE 


A highly regarded international anaesthesia jour- 
nal publishing reports of current investigations, 
informative review articles, editorials, clinical and 
technical reports, book reviews, correspondence, 
and meeting notices. Published bi-monthly in 
January, March, May (Parts I and I), July, Sep- 
tember, and November (includes Index of Authors 
and Index of Subjects). 

Each journal issue contains a Continuing Medical 
Education Section provided 

in rotation by 













Please enter my subscription 
for the Canadian Anaesthetists 
Societ y Journal 


Commencing: 
LJ Payment enclosed or 

C] Bill to my Credit Card Account Number 
Signature — — 


Please make remittance pavable to and mail to: 
Canadian Anaesthetists Society Journal 
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Canadiar university Departments of Anaesthesia. 
The CME section summarizes clinically relevant 
information intended for all anaesthetic 
practitioners. 

The Annual Meeting Supplement produced as 
Part H of each May issue contains Refresher 
Course Outlines and abstracts of papers presented 
in the Scientific Programme of the Annual 
Meeting of the Canadian Anaesthetists Society 
held in June of each year. 


CME Topics Scheduled for 86 


IA SLOT GIN 
Anaesthesia Breathing Circuits 








Up-date on Obstetrical Anaesthesia 


Anaesthesia & Allergic Drug Reactions 


Choice of Monitoring Equipment 
in Anaesthesia & Intensive Care 


Myocardial Infarction & Anaesthesia 





anagement of Chronic Pain 


ORDER FORM 


1986 Subscription Rates: (Canadian Dollars) 
C] Individual $57.50 
CJ Institutional $80.00 
L Air Mail toptional) $35.00 

Visa Li 
MasterCard L3 


Expiry Date — 5 


94 Cumberland Street. Suite 901. Toronto. Ontario. Canada. MSR 1A23 (416) 923-1449 


(Please Print) 


Name: 
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Double-blind study of 41 patients undergoing 
hysterectomy. Twenty-one patients received 5 mg 
INAPSINE shortly after surgery began, while 2C 
patients received placebo. Postoperative emesis 
was rated according to an emetic scoring system 
Patients receiving INAPSINE had significantly less 
frequent and less severe nausea, retching and 
vomiting during the first 12 postoperative hours. 





Double-blind comparison of INAPSINE 5 mg, 
INAPSINE 2.5 mg and hydroxyzine 50 mg, com- 
bined with meperidine or morphine and glycopyr- 
rolate, as premedication in 74 women undergoing 
major elective gynecologic surgery. Significantly 
fewer of the patients receiving INAPSINE experi- 
enced postoperative nausea/vomiting than those 
receiving hydroxyzine (p « 0.05). 


INAPSINE vs placebo: mean total emetic scores. The lower 
the score, the fewer and less severe the incidents of eme- 
sis. (Adapted from Patton CM Jr. Moon MR, Dannemiller -J!) 
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afore prescribing please consult complete prescribing information, 
which the following is a brief summary 

‘otect from light. Store at room temperature 

JR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

roperidol is a neuroleptic (tranquil:zer) agent 

ESCRIPTION: 2 m/ and 5 ml. ampoules: Each ml. contains 

roperidol 2.5 mg. and lactic acid for pH adjustment to 34 +04 

) ml. vials: Each ml. contains Droperidol 2.5 mg. with 18 mg. 

rethylparaben and 0.2 mg. propylparaben. and lactic acid for 

H adjustment to 34 +04 

IDICATIONS: INAPSINE (droperidol) is indicated: * to produce 

'anquilization and to reduce the incidence of nausea and vomiting 

| surgical and diagnostic procedures, * for premedication, induc- 

on. and as an adjunct in the maintenance of general and regional 

nesthesia: * in neuroleptanalgesia in which INAPSINE (droperidol) 

; given concurrently with a narcotic analgesic, such as SUBLIMAZE* 

entanyl) injection, to aid in producing tranquility and decreasing 

nxiety and pain. 

'ONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 

1 patients with known intolerance to the drug. 

WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 

AANAGE HYPOTENSION SHOULD BE READILY AVAILABLE 

\s with other CNS depressant drugs, patients who have received 

VAPSINE (droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic analgesic 
‘uch as SUBLIMAZE (fentanyl), the user should familiarize himself 
vith the special properties of each drug, particularly the widely 
liffering durations of action. In addition, when such a combination 
s used. resuscitative equipment and a narcotic antagonist should 


Al6 
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Percentage 


18 24 


be readily available tc manage apnea. See package insert for fen- 
tanyl before using. Narcotic analgesics such as UBLIMAZE (fen- 
tanyl) may cause muscle rigidity, particularly involving the muscles 
of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection 
Once this effect occurs. it is managed by the use of assisted or 
controlled respiration and. if necessary, by a neuromuscular block- 
ing agent compatible with the patient's condition 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol), the total dose of all narcotic analgesics administered 
should be considerec by the practitioner before ordering narcotic 
analgesics during recovery from anesthesia. It iS recommended 
that narcotics, when required, be used initially in reduced doses as 
low as 1⁄4 to s those usually recommended 
PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other poor-risk 
patients. The effect o! the initial dose should be considered in 
determining incremental doses. Certain forms of conduction anes- 
thesia, such as spina’ anesthesia and some peridural anesthetics, 
can cause peripheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms, INAPSINE 
(droperidol) can also alter circulation. Therefore, when INAPSINE 
(droperidol) is used te supplement these forms of anesthesia, the 
anesthetist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients selected 
for this form of anesthesia 

If hypotension occurs, the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy 


Percentage of patients experiencing postoperative nausea/ 
vomiting according to premedication (p < 0.05). (Based on 
Mehta P Theriot E, Mehrotra D, et al) 





Repositioning the patient to improve venous return to the heart 
should also be considered when operative conditions permit. It 
should be noted that in spinal and peridural anesthesia, tilting the 
patient into a head down position may result in a higher level of 
anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension If 
volume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor agents 
other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with 
INAPSINE (droperidol) due to the alpha-adrenergic blocking action 
of droperidol 

Since INAPSINE (droperidol) may decrease pulmonary arterial 
pressure, this fact should be considered by those who conduct 
diagnostic or surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient. Vital signs should be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) have additive or potentiating 
effect with INAPSINE (droperidol). When patients have received 
such drugs. the dose of INAPSINE (droperidol) required will be less 
than usual. Likewise, following the administration of INAPSINE 
(droperidol), the dose of other CNS depressant drugs should be 
reduced. 

INAPSINE (droperidol) should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

When the EEG is used for postoperative monitoring, it may be 
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droperidol) Injection 


The Premedication That Does More Than Premedicate 


References: 


QD Patton CM Jr, Moon MR, Dannemiller FJ: The prophylactic 
antiemetic effect of droperidol. Anesth Analg 1974;53:361.364. 


(2) Mehta P. Theriot E, Mehrotra D, et al: Comparative evaluation 


found that the EEG pattern returns to normal slowly 

Since INAPSINE (droperidol) is frequently used with the narcotic 
analgesic SUBLIMAZE (fentanyl). it should be noted that fentanyl 
may produce bradycardia. which may be treated with atropine: 
however. fentany! should be used with caution in patients with 
cardiac bradyarrhythmias. (See full prescribing information for 
complete description ) 
ADVERSE REACTION: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to moderate 
hypotension and occasionally tachycardia. but these effects usually 
subside without treatment If hypotension occurs and is severe or 
persists, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fuid therapy Postoperative 
drowsiness is also frequently reportec. 

Extrapyramidal symptoms (dystonia. akathisia. and oculogyric 
crisis) have been observed following administration of INAPSINE 
iüroperidol). Restlessness. hyperactivity, and anxiety which can be 
either the result of inadequate dosage of INAPSINE idroperidolj or 
à part of the symptom complex of akathisia may occur When 
extrapyramidal symptoms occur. they can usually be controlled 
with anti-parkinson agents 

Other adverse reactions that have been reported are dizziness. 
chills and/or shivering. laryngospasm. bronchospasm and post- 
operative hallucinatory episodes (sometimes associated with 
transient periods of mental depression) 

When INAPSINE (droperidol) is used with a narcotic analgesic 
such as SUBLIMAZE (tentanyi) respiratory depression. apnea, and 
muscular rigidity can occur: if these remain untreated respiratory 
arrest couid occur 


of preanesthetic medications. Cur Ther Res 1984,35:715.720. 


Elevated blood pressure. with or without pre-existing hyperten- 
Sion. has been reported following administration of INAPSINE 
(Graperidol) combined with SUBLIMAZE (fentanyl) or other paren- 
teral analgesics. This might be due to unexplained alterations in 
sympathetic activity following large doses: however itis also fre- 
guently attributed to anesthetic or surgical stimulation during fight 
anesthesia 
DOSAGE AND ADMINISTRATION: Dosage should be individuatized 
Some of the factors to be considered in determining the dose are 
age. body weight. physical status. underlying pathological condi- 
tion. use of other drugs. type of anesthesia to be used. and the 
Surgical procedure involved 

Vital signs should be monitored routinely 
Usual Adult Dosage 
| Premedication-- (to be appropriately modified in the elderly 

debilitated. and those who have received other depressant 

drugs} 2 5 to 10 mg. (110 4 mL) may be administered intra- 
muscularly 30 to 60 minutes preoperatively 
ll Adjunct to General Anesthesia 

induction~2.5 mg (1 ml) per 20 to 25 pouads may be adminis- 

tered (usually intravenously) along with an analgesic and/or 

generat anesthetic. Smaller doses may be adequate The total 
amount of INAPSINE idroperdol) administered should be titrated 

10 Obtain the desired effect based on the individual patients 

response. 

Maintenance—125 to 2 5 mq (0510 1 ml) usually intravenously 

fsee warning regarding use with concomitant narcatic analgesic 

medication and the possibility of widely difering durations of 
action. 


IINNOVAR' Injection is administered in addition to INAPSIN 
(dropendol}. the calculation of the recommended dase of 
INAPSINE (droperidol) should include the droperidal contained 
inthe INNOVAR injection. See INNOVAR iniection Package Inser 
for tull prescribing mformation 
Use Without A General Anesthetic In Diagnostic Procedures 
Administer the usual IM. premedication 25 to 10 mg (itom 
30 te 60 minutes before the procedure. Additional 125 to 25 
mg. (65 to 1 mL) amounts of INAPSINE (droperidol) may be 
administered. usually intravenously (see warning regarding use 
with concomitant narcotic analgesic medication and the possi 
bity of widely differing durations of action). 

Note When INAPSINE (droperidol) is used in certain proce: 
dures. such as bronchoscopy. appropriate topical anesthesia is 
still necessary 
IV. Adjunct to Regional Anesthesia—2.5 to 5 mg (1102 mi} may 

be administered intramuscularty or slowly intravenousiy when 

additicaal sedation is required. 
How Supplied: 2 m/ and 5m! ampoules packages of 10: 
10 mi. multiple-dose vials - packages of 10. 
US. Patent No. 3161645 
NDC 50458-010-02: NDC 50458-010-05: NDC 50458-010-10 
March 1980. Revised June 1980 IP41C98-M 
Manufactured by TAYLOR PHARMACAL CO. for 
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A hypotensive agent for craniotomy and clipping of aneurysms 

Isoflurane may be used as both anesthetic 0.5% 4% 2% 0.25% 0.5% 
and hypotensive agent, providing for pre- E SES E A ons 
cise control of blood pressure throughout 


procedures such as clipping of cerebral S RR 


aneurysms. ! “o 


[ 200 mm Hg 


Blood pressure tracing demonstrating the rapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood pressure during the 
normotensive period was 70 mm Hg and (pres Hg during the 
hypotensive phase.! 


Control of intracranial pressure for craniotomy 
and excision of space-occupying lesion 


Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO,.* 
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be achieved with isoflurane by lowering 
peripheral vascular resistance (left ventric- 
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otentiation of relaxants for orthopedic surgery 


With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).45 Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 








Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.''9 


A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 
"Isoflurane is eliminated more rapidly 


than any other potent modern inhaled 
anesthetic." (Blood-gas partition coef- 
ficient, only 1.4) 


Anesthesia using isoflurane in a mixture 


of oxygen and air produced a significantly 


lower incidence of nausea and vomiting 
following outpatient laparoscopy than 
anesthesia that included nitrous oxide.® 


References: 


Post-laparoscopy Nausea (N) and Vomiting (V) 








Group No. of Patients No. of Patients 
with N or N&V 

fentanyl, NO, O, 37 23 (62%)* 

isoflurane, 

fentanyl, O, 20 6 (30%) 

isoflurane, O, 20 5 (2596) 






Adapted from Alexander et al? *p«0.05 


1. Lam AM, Gelb AW: Cardiovascular effects of isoflurane-induced hypotension for cerebral aneurysm surgery. Anesth Analg 62:742-748, 1983. 

2. Adams RW et al: Isoflurane and cerebrospinal fluid pressure in neurosurgical patients. Anesthesiology 54:97-99, 1981. 3. Hess W et al: Compari- 
son of isoflurane and halothane when used to control intraoperative hypertension in patients undergoing coronary artery bypass surgery. Anesth 
Analg 62:15-20, 1983. 4. Miller RD et al: Comparative neuromuscular effects of pancuronium, gallamine, and succinylcholine during Forane and 
halothane anesthesia in man. Anesthesiology 35:509-514, 1971. 5. Tracrium” (atracurium besylate) prescribing information, Burroughs Wellcome 
Co., Research Triangle Park, NC 27709. 6. Wade JG, Stevens WC: Isoflurane: an anesthetic for the eighties? Anesth Analg 60(8):666-682, 1981. 

7. Eger EL: Isoflurane, a compendium and reference, Ohio Medical Anesthetics, Madison, WI, 1981. 8. Alexander GD etal: The role of nitrous oxide 


in postoperative nausea and vomiting. Anesth Analg 63:175, 1984. 
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CAUTION. Federal Law Prohibits Dispensing without Prescription 
DESCRIPTION: FORANE (isoflurane) is a nonflammable general inkalation anesthetic agent 
It is 1-chiore-2,2,2-trifluoroethy!] difluoromethyl ether, and its structural formula :s: 

F H F 


Some physical constants are: 
Molecular weight 134.5 
Boiling point at 760 mm Hg 185 "C tuncorr) 
Refractive index n2° 1 2990-1.2005 


Specific gravity 25 °/25 °C 1 496 
Vapor pressure in mm Hg** 20 ^C 238 
25 °C 295 
30 °C 367 
35 °C 450 


**Equation for vapor pressure caiculation: 


logioPuap = A + È where: A = 8056 
T B = ~ 1664.58 
T « °C + 273.16 (Kelvin) 
Partition coefficients at 37 °C 


Waterigas 661 
Blood/gas 1.43 
Oil/gas 908 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber/gas 620 
Buty! rubber/gas 750 
Polyvinyl chloride/gas 1100 
Polyethylene/gas "20 
Polyurethane/gas ~ig 
Polyolefin/gas ~14 
Butyl acetate/gas v25 
Purity by gas chromatography >999% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec. and 23 °C None 


Lower limit of flammability in oxygen or Greater than useful con- 

nitrous oxide at 900 joules/sec. and 23 °C centration in anesthesia. 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers. 
Isoflurane has a mildly pungent, musty, ethereal odor. Samples stored :n indirect sunlight in clear, 
colorless glass for five years, as well as samples directly exposed fcr 30 hours to a 2 amp, 115 
volt, 60 cycie long wave UV. light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methazol solution, a strong base, 
for over six months consumed essentially no alkali, indicative of stromg base stability. Isoflurane 
does not decompose in the presence of soda lime, and does not attac* aluminum, tin, brass, iron 
or copper. 
CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anesthetic The MAC 
(minimum alveolar concentration) in man is as follows: 


Age 100% Oxygen 70% N20 
26 € 4 1.28 0.56 
4447 1.15 0.50 
64 + 5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Iscflurane has a mild pungency 
which limits the rate of induction, although excessive salivation or tracheobronchíal secretions 
do not appear to be stimulated. Pharyngeal and laryngeal reflexes areeadily obtunded. The level 
of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound respiratory depres- 
sant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPCRTED WHEN NECESSARY 
As anesthetic dose is increased, tidal volume decreases and respiratory rate is unchanged. This 
depression is partially reversed by surgical stimulation, even at deeper levels of anesthesia. 
Isoflurane evokes a sigh response reminiscent of that seen with diethyl ether and enflurane, 
although the frequency is less than with enflurane. 

Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with isoflurane 
alone. Heart rhythm is remarkably stable. With controlled ventilationsand normal PaCO;. cardiac 
output is maintained despite increasing depth of anesthesia primarily through an increase in 
heart rate which compensates for a reduction in stroke volume. The sypercapme which attends 
spontaneous ventilation during isoflurane anesthesia further increases heart rate and raises 
cardiac output above awake levels, Isoflurane does not sensitize the myocardium to exogenously 
administered epinephrine in the dog. Limited data indicate that subcutaneous injection of 0.25 
mg of epinephrine (50 mL of 1:200,000 solution) does not produce an increase in ventricular 
arrhythmias in patients anesthetized with isoflurane. 

Muscle relaxation is often adequate for intra-abdominal operations abnormal leveis of anesthesia. 
Complete muscle paralysis can be attained with small doses of musclerelaxants. ALL COMMONLY 
USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH ISOFLURANE., THE EFFECT 
BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE Neostigmine reverses the 
effect of nondepolarizing muscle relaxants in the presence of isoflurane. All commonly used muscle 
relaxants are compatible with isoflurane. 

Pharmacokinetics: Isoflurane undergoes minimal biotransformation v: man. In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered assunnary metabolites. 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed towestablish its application in 
obstetrical anesthesia. 


CONTRAINDICATIONS: Known sensitivity to FORANE (isoflurane) or to other halogenated agents. 
Known or suspected genetic susceptibility to malignant hyperthermia, 


WARNINGS: Since levels of anesthesia may be altered easily aad rapuily, only vaponzers 
producing predictable concentrations should be used. Hypotensior and respiratory depression 
increase as anesthesia is deepened. 
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Increased blood loss comparable to that seen with halothane has been observed in patients 
undergoing abortions. 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia. There 
may be a transient rise in cerebral spinal fluid pressure which is fully reversible with 
hyperventilation. 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing environment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient. 

information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 or 3 days following anesthesia. As with other anesthetics, 
small changes in moods and symptoms may persist for up to 6 days after administration. 
Laboratory Testa: Transient increases in BSP retention, blood glucose and serum creatinine with 
decrease in BUN, serum cholesterol and alkaline phosphatase have been observed. 

Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, most 
notably nondepolarizing muscle relaxants, and MAC (minimum alveolar concentration) is reduc- 
ed by concomitant administration of N20. See CLINICAL PHARMACOLOGY. 

Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure might 
induce neoplasia. Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four in-utero exposures and 
for 24 exposures to the pups during the first nine weeks of life. The mice were killed at 15 months 
of age. The incidence of tumors in these mice was the same as in untreated control mice which 
were given the same background gases, but not the anesthetic. 

Pregnancy Category C: isoflurane has been shown to have a possible anesthetic-related fetotox- 
ic effect in mice when given in doses 6 times the human dose. There are no adequate and well- 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: !t is not known whether this drug is excreted in human miik. Because many 
drugs are excreted in human milk, caution should be exercised when isoflurane is administered 
to à nutsing woman. 

Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger a skeletal 
muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome known 
as malignant hyperthermia. The syndrome includes nonspecific features such as muscle rigidi- 
ty, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should also 
be noted that many of these nonspecific signs may appear with light anesthesia, acute hypoxia, 
etc.) An increase in overall metabolism may be reflected in an elevated temperature (which may 
rise rapidly early or late in the case, but usually is not the first sign of augmented metabolism) 
and an increased usage of the CO, absorption system (hot canister}. PaO, and pH may decrease, 
and hyperkalemia and a base deficit may appear, Treatment includes discontinuance of trigger 
ing agents (e.g. isoflurane), administration of intravenous dantrolene sodium, and application 
of supportive therapy. Such therapy includes vigorous efforts to restore body temperature to 
normal, respiratory and circulatory support as indicated, and management of electrolyte-fluid- 
acid-base derangements. (Consult prescribing information for dantrolene sodium intravenous for 
additional information on patient management.) Renal failure may appear latet, and urine flow 
Should be sustained if possible. 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
(isoflurane) are in general dose dependent extensions of pharmacophysiologic effects and include 
respiratory depression, hypotension and arrhythmias. 

Shivering, nausea, vomiting and ileus have been observed in the postoperative period 

As with all other general anesthetics, transient elevations in white blood count have been observed 
even in the absence of surgical stress. 

See PRECAUTIONS for information regarding malignant hyperthermia. 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the following 
action should be taken: 

Stop drug administration, establish a clear airway and initiate assisted or controlled venuiation 
with pure oxygen 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient, taking into account that secretions are weakly stimuiated 
by FORANE (isoflurane) and the heart rate tends to be increased. The use of anticholinergic drugs 
18 a matter of choice. 
Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using: 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such as vaponzers delivering 
a saturated vapor which is then diluted. The delivered concentration from such a 
vaporizer may be calculated using the formula: 


F 
% isoflurane = We EN k 
Fr (Pa ~ Py) 
where. Pa = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 


Fy = Flow of gas through vaporizer (mL/min) 

Fp o Total gas flow (mL/min) 
Isoflurane contains no stabilizer, Nothing in the agent alters calibration or operation of these 
vaporizers. 
Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing, breath hoiding, or laryngospasm. These difficulties may 
be avoided by the use of a hypnotic dose of an ultra-short-acting barbiturate. Inspired 
concentrations of 1.5 to 30% isoflurane usually produce surgical anesthesia in 7 to 10 minutes. 
Maintenance: Surgical leveis of anesthesia may be sustained with a 10 to 2.5% concentration 
when nitrous oxide is used concomitantly An additional 65 to 10% may be required when 
isoflurane is given using oxygen alone. If added relaxation is required, supplementai doses of 
muscle relaxants may be used. 
The level of blood pressure during maintenance is an inverse function of isoflurane concentra- 
tion in the absence of other complicating problems. Excessive decreases may be due to depth 
of anesthesia and in such instances may be corrected by lightening anesthesia. 


HOW SUPPLIED: FORANE {isoflurane}, NDC 10019-380-40, is packaged in 100 mL amber-colored 
bottles. 


Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years. 
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MARTY J, GAUZIT R, LEFEVRE P, COUDERC E, 
FARINOTTI R, HENZEL C, DESMONTS JM. Effects of 
diazepam and midazolam on baroreflex control of heart 
rate and on sympathetic activity in humans. Anesth Analg 
1986;65:113-9. 


The effects of induction of anesthesia with diazepam and 
midazolam on baroreflex control of heart rate and on plasma 
levels of catecholamines were investigated in this study. 
Group 1 subjects (n = 10) received diazepam, 0.4 mg/kg. 
Group 2 subjects (n = 10) received midazolam, 0.3 mg/kg. 
Baroreflex function was assessed using a pressor test (plien- 
ylephrine). In addition, samples for subsequent determi- 
nation of plasma norepinephrine and epinephrine levels and 
plasma diazepam or midazolam concentrations were col- 
lected before and 5, 10, and 15 min after intravenous drug 
administration. The pressor baroreflex slope declined sig- 
nificantly after diazepam or midazolam administration with 
the maximal changes ( —45 and — 43%, respectively) ob- 
served when plasma diazepam or midazolam concentrations 








Hemodynamic alterations induced by anesthetic agents 
are mediated, in part, through their effects on the 
sympathetic nervous system. Most general anes- 
thetics decrease sympathetic activity (1-3) and de- 
press baroreflex mediated heart rate responses in hu- 
mans (4-10) and animals (10-12). This disruptive effect 
of anesthesia on sympathetic control of circulation 
may be deleterious in certain clinical situations, i.e., 
hypovolemia and heart failure, in which sustained 
adrenergic activity is needed to maintain cardiovas- 
cular homeostasis (13). Because of their mild cardio- 
vascular effects (14,15), diazepam and midazolam are 
widely used in the anesthetic management of critically 
ill patients with cardiac disease (16). However, when 
used after morphine in patients undergoing myo- 
cardial revascularization, diazepam exacerbates the 
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were the highest. Norepinephrine plasma concentrations de- 
creased at each measurement with both drugs. In contrast, 
epinephrine concentration decreased only after midazolam. 
The authors conclude that diazepam or midazolam used for 
induction of anesthesia results in a transient depression of 
baroreflex function and a sustained decrease of sympathetic 
tone. This study also indicates that the depression of arterial 
baroreflex heart rate responses under diazepam or midazo- 
lam anesthesia are less pronounced than the depression of 
baroreflex responses reported by other investigators with 
potent inhalational anesthetics. However, this disruptive 
effect of diazepam and midazolam on sympathetic control of 
circulation might induce a limited ability to compensate for 
hemodynamic alterations related to hypovolemia. 


Key Words: ANESTHETICS, INTRAVENOUS— diaze- 
pam, midazolam. SYMPATHETIC NERVOUS Sys. 
TEM-—catecholamines, norepinephrine, epineph- 
rine. REFLEXES—baroreceptors. 








hypotensive effects produced by morphine and is as- 
sociated with decreased levels of plasma catechol- 
amines (17). Data regarding the effects of diazepam 
on central autonomic reflexes in animals and humans 
are conflicting (18-20). Inhibition of reflex vagal 
bradycardia has been reported in cats (19), whereas 
no alteration of baroreflex response was observed 30 
min after administration of low doses of diazepam in 
patients with heart disease (20). No information con- 
cerning the effects of midazolam on baroreflex is avail- 
able. In this report, we present the findings of two 
investigations regarding the time-course effects of di- 
azepam and midazolam used alone for induction of 
anesthesia, on baroreflex control of heart rate, and on 
plasma catecholamine levels in humans. 


Material and Methods 
Patient Selection and Groups 


Twenty unpremedicated ASA class I subjects were 
studied before scheduled surgical procedure. Insti- 
tutional approval was obtained, and all patients gave 
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Table 1. Hemodynamic Data and Blood Gas Tensions (mean 
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+ SEM): Group 1—Diazepam 


ha a a a ak i cT ccc CC ere 


Baseline 
Systolic arterial pressure (mm Hg) 129 6 7 
Diastolic arterial pressure (mm Hg) 60 + 3 
Heart rate (beats/min) 79 x 4 
pHa 7.41 + 0.01 
Pao; (torr) 108 6 
Paco; (torr) 29 cE-1 


d: ALERT Ste 


Doc 0.05. ^P < 0.01 vs baseline value. 


Table 2. Hemodynamic Data and Blood Gas Tensions (mean 


Basekne 
Systolic arterial pressure (mm Hg) 142 + 4 
Diastolic arterial pressure (mm Hg) 4 ug 
Heart rate (beats/min) 82 + 3 
pHa 7.39 + 0.01 
Pao; (torr) 150 + 11 
25 s 


Paco; (torr) 38 


5 min 10 min 15 min 
114 * 4 112 + 4 115.4 5" 
55 x 4 54-4 56 + À 
78 + 4 78 +3 743 

7.37 £ OOF 7.37 2 O0Y 7.37 + 0.01% 
94 + 6° 99 + 6 102 + 4 
40 i1" 40 t P AQ + T° 

+ SEM): Group 2—Midazolam 
5 min 10 min 15 min 
]t s F 117 + & 120 + 7 
69 + XY 67 + 5 66 + 6! 
84 + 6 87 = 5 77 = 4 
7.34 = 0.02" 7.33 + 0.02" F322 O02" 
150 + 11 155 + 12 155 + 12 
45 + 53° 46 + 3 46 i 3 





ap < 0.05. èP < 0.01 vs baseline value. 


informed consent. The first ten patients (5 male, 5 
female), group 1, received diazepam, 0.4 mg/kg. Age 
ranged from 19 to 45 yr (mean 28) and mean body 
weight was 70 + 4 kg (sp). The next ten patients (6 
male, 4 female), group 2, received midazolam, 0.3 
mg/kg. Age ranged from 25 to 58 yr (mean 43) and 
mean body weight was 72 + 4 kg (SD). 


Protocol 


Upon the patient’s arrival in the operating room, a 
catheter was placed into the radial artery under lido- 
caine local anesthesia. Thus arterial blood pressure 
could be measured with a Statham pressure trans- 
ducer and recorded simultaneously with ECG on an 
Elema four-channel recorder (Mingograph). The sen- 
sitivity of baroreflex control of heart rate was assessed 
by increasing the blood pressure from its resting value 
by a small intravenous bolus of phenylephrine (pres- 
sor test). The dose selected (50-100 ug) produced an 
increase in systolic blood pressure of approximately 
20-30 mm Hg. The blood pressure returned to prein- 
jection level within 3 min after each dose of phenyl- 
ephrine. The relationship between the value of sys- 
tolic blood pressure and the succeeding R-R interval 
was quantitatively evaluated during the increasing 
phase of arterial pressure. Values of systolic pressure 
and R-R interval were plotted on a beat-to-beat anal- 
ysis. Data were assessed by using least-square linear 
regression analysis of the linear part of the relation 
between blood pressure and R-R interval. Only pa- 
tients in whom the regression slopes had a correlation 


coefficient greater than 0.7 were included in the group 
mean (nine in each group). The slope of this linear 
regression expressed in msec per mm Hg was used 
as an index of baroreflex function, as previously re- 
ported (21). In addition the pulse interval at reference 
arterial pressure was calculated as described by Bris- 
tow et al. (4). Before each measurement of baroretlex 
function, blood samples were collected from the radial 
catheter for subsequent measurements of plasma nor- 
epinephine and epinephrine concentrations using high 
pressure liquid chromatography (22); of plasma di- 
azepam or midazolam concentration using gas chro- 
matography; and of arterial blood gas tensions with 
an ABL II blood gas analyzer. Baseline measurements 
were performed in each patient 15 min after insertion 
of the radial artery and the venous catheters to allow 
heart rate and blood pressure to return to stable rest 
levels. Then, an intravenous bolus of diazepam (group 
1) or midazolam (group 2) was administered. Mea- 
surements were repeated 5, 10, and 15 min after drug 
injection. All data were collected while patients 
breathed room air enriched with nasal oxygen (0.5-2 
L/min). 


Data Analysis 


Statistical analysis was performed using an Apple Ile 
computer. All reported values are means + SEM. Dif- 
ferences between postinjection data and baseline val- 
ues were examined in each group, using analysis of 
variance with the Bonferroni method for paired com- 
parison. The relation between baseline norepineph- 
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Figure 1. Baroreflex slope, plasma nor- 
epinephrine and epinephrine concen- 
trations, and plasma diazepam concen- c 5 MIN 
tration (mean + SEM) plotted against time 
at each time of the study. Abbreviations: 
C, baseline period; others, see text; *P 20 
€ 0.05) *P = 0.01; °" 0:00] vs C. 


DIAZEPAM 


0.4 MG. xkG^! 


C 5 MIN 


rine concentration and the mean decrease after drug 
administration was analyzed in each group using least 
squares linear regression. No intergroup comparison 
was performed because administration of either di- 
azepam or midazolam was not randomized. Statistical 
significance was considered at P < 0.05. 


Results 


Baseline values of blood pressure, heart rate, plasma 
catecholamines, slope of baroreflex function, and blood 
gas tensions were within normal ranges in the two 
groups (Tables 1, 2, Figs. 1,2). Loss of consciousness 
was observed in all cases within 3 min after diazepam 
or midazolam. The baroreflex slope decreased signif- 
icantly 5 and 10 min after diazepam administration, 
whereas it was significantly below baseline at each 
measurement after midazolam injection. In the two 
groups, maximal changes (— 45 and — 43%, respec- 
tively) were observed at the time of the highest mea- 
sured plasma diazepam or midazolam concentration, 
5 min after injection (Figs. 1,2). Pulse interval at ref- 
erence pressure increased, but this change was only 
significant after midazolam administration (Table 3). 
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Diazepam or midazolam administration was followed 
by a sustained and significant decrease in plasma nor- 
epinephrine at 5, 10, and 15 min (Figs. 1,2). In con- 
trast, plasma epinephrine concentration was signifi- 
cantly below baseline only in group 2 (Figs. 1,2). The 
decrease in plasma norepinephrine levels that oc- 
curred with administration of both drugs correlated 
significantly with the values obtained in the awake 
state (Figs. 3,4). Systolic blood pressure was de- 
creased significantly during each period of the study 
in both groups, whereas diastolic blood pressure de- 
creased only in group 2 (Tables 1,2). Statistically sig- 
nificant but slight increases in Paco, and pHa were 
observed at 5, 10, and 15 min in the two groups, 
whereas Pao, decreased only at 5 min in group 1 
(Tables 1,2). 


Discussion 


The present study shows that administration of di- 
azepam or midazolam resulted in a significant de- 
crease in plasma norepinephrine concentration and 
in alteration of baroreflex control of heart rate. Plasma 
norepinephrine concentration represents only a small 
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fraction of norepinephrine released from nerve end- 
ings after reuptake or metabolism. Thus small vari- 
ations in such concentrations may reflect larger in- 
creases or decreases in norepinephrine release. 
However, plasma norepinephrine concentration is 
considered a reliable index of adrenergic activity (2) 
and, in addition, it responds rapidly to changing stim- 
uli because of the short plasma half-life of norepi- 
nephrine (23). In contrast, plasma epinephrine con- 
centrations represent mainly epinephrine released from 
the adrenal medulla. Depressed sympathetic activity 
has been observed with other anesthetic agents such 
as thiopental (3) and halothane after the first stages 
of inhalation anesthesia (24). Despite the absence of 
change in epinephrine levels in patients receiving 
diazepam, one can conclude from this study that 
diazepam and midazolam administration induced a 
sustained decrease in sympathetic activity. 

We could not explain the absence of change in 
epinephrine concentration after diazepam adminis- 
tration, but a dissociation between epinephrine and 
norepinephrine changes was previously reported us- 
ing thiopental (3). In our study, the decrease of plasma 
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Figure 2. Baroreflex slope, plasma nor- 
epinephrine and epinephrine concen- 
trations, and plasma midazolam concen- 
tration (mean + SEM) plotted against time 
at each time of the study. Abbreviations: 
C, baseline period; others, see text; "P 
220,05 P =< 0.01 OP aol ye €; 
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norepinephrine levels after diazepam or midazolam 
administration correlated significantly with the values 
measured in the awake state, indicating that depres- 
sion of sympathetic activity was more marked in pa- 
tients with a high adrenergic activity before drug in- 
jection. Similar findings were reported by Roizen et 
al. (2) during induction of anesthesia with a combi- 
nation of either halothane or enflurane or morphine 
with thiopental. Thus it appears that reduction in 
sympathetic activity observed with most anesthetic 
agents except ketamine (25) is an univocal phenom- 
enon related to the depression of central nervous sys- 
tem activity due to anesthesia. These changes could 
not be related to the moderate hemodynamic altera- 
tions or blood gas variations after the administration 
of diazepam or midazolam. Injection of phenyleph- 
rine could have induced a decrease of sympathetic 
activity by means of baroreflex response to an increase 
in blood pressure, but each blood sample for cate- 
cholamine determination was taken before each pres- 
sor test. At that time, blood pressure had always re- 
turned to preadministration levels. Thus the influence 
of phenylephrine injection on adrenergic activity could 
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Table 3. Pulse Interval at Reference Arterial Pressure (mean + SEM) 


n Baseline 

Group 1—diazepam 9 718 + 35 
R-R (msec) 

Group 2—midazolam 9 715 + 62 
R-R (msec) 


aP < 0.05. *P < 0.01. ‘P < 0.001. 


be eliminated. These results, i.e., decreased sympa- 
thetic activity after diazepam or midazolam, confirm 
previous hypotheses reported by Abel et al. (26) re- 
garding the vasodilator effect of diazepam. The data 
obtained by Hoar et al. (17) concerning a combination 
of diazepam and morphine can also be explained by 
our findings regarding the action of diazepam on the 
sympathetic nervous system. 

The second main finding of this study is the alter- 
ation of baroreflex control of heart rate after diazepam 
and midazolam administration. These changes are re- 
lated to plasma concentrations of diazepam and mid- 
azolam. The gain of the negative feedback mechanism 
by which the baroreceptors regulate the heart rate was 
thus decreased. Baroreflexes may be also affected by 
hypoxia or changes in Paco, (27). However, no hy- 
poxemia was observed in our study. Moderate hy- 
percarbia was present after administration of diaze- 
pam and midazolam, but Bristow et al. (27) showed 
that Paco, at 50 torr did not change baroreflex slope. 
The decrease of blood pressure induced by diazepam 
o- midazolam may have resulted in a depression of 
calculated baroreflex gain by a shift to a flat portion 
of the relationship between arterial blood pressure 
and R-R interval. However, Smyth et al. (21), study- 
ing baroreflex changes during sleep, reported en- 
hancement of baroreflex function, although the de- 
crease in blood pressure during sleep in their study 
was similar to the decrease in blood pressure seen 
after diazepam or midazolam in the present study. 
Furthermore, Kotrly et al. (8) have shown that main- 
tenance of blood pressure at awake values by contin- 
uous phenylephrine infusion does not change baro- 
reflex gain. We have also observed a resetting of the 
baroreflexes: in the present study a lower arterial pres- 
sure was present with a heart rate not differing from 
the baseline level, although pulse interval at reference 
pressure increased significantly only after midazolam. 
Vagal mechanisms could also be involved in the main- 
tenance of unchanged heart rates with a lower arterial 
pressure, but this component of the autonomic ner- 
vous system was not presently investigated. A de- 
crease of baroreflex gain has been reported for other 
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Figure 3. Plasma norepinephrine (NE) concentration while awake 
vs changes in plasma NE concentration after diazepam adminis- 
tration. A significant linear regression was found (r = 0.852; P < 
0.001). Change = —40 + (plasma NE while awake) x 0.74. 


general anesthetics including thiopental (4), halo- 
thane, (5), enflurane (7), isoflurane (8), althesin (10), 
and a combination of morphine, N;O, and diazepam 
(9). However, the effects of diazepam or midazolam 
on baroreflex control appeared less marked than those 
observed with halogenated anesthetics. The depres- 
sion of baroreflex function with diazepam or mida- 
zolam is similar to that observed with intravenous 
anesthetics. 

The site of action of anesthetics could be at one or 
several components of the baroreflex arc including 
baroreceptors, central nervous system, or effectors, 
as has been shown recently for halothane (12). Al- 
though the present study did not investigate the effect 
of diazepam and midazolam on the different com- 
ponents of the baroreflex, several hypotheses can be 
proposed. Regarding the effectors, a decrease in plasma 
norepinephrine concentration suggests a diminution 
of activity of the sympathetic efferent nerve pathway 
of the reflex. Moreover, a sustained decrease of sym- 
pathetic tone was observed, whereas the depression 
of baroreflex control of heart rate was more transient. 
Alteration of activity of vasomotor integrator centers 
that regulate cardiovascular reflex function is likely to 
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Figure 4. Plasma norepinephrine (NE) concentration while awake 
vs mean decrease in plasma NE concentration after midazolam 
administration. A significant linear regression was found © = 0.760; 
P < 0.02). Change = —1 + (plasma NE while awake) « 0.52. 


be involved with diazepam or midazolam, as Eas been 
reported to occur with diazepam in cats (19). Fur- 
thermore, a similar mechanism has been repcrted for 
barbiturates (4) and halogenated anesthetics (5,7,8). 
Regarding the effects of benzodiazepines on tne baro- 
receptors, the observed decrease of adrenerzic tone 
would have been expected to increase baroreceptor 
sensitivity (12,28). 

The relation between the alteration of beroreflex 
control of heart rate and the reflex control ef blood 
pressure remains speculative because the ass2ssment 
of the heart rate response to an elevation of blood 
pressure does not provide information regarding the 
different functions of the baroreflex system. How- 
ever, a comparison between several of the methods 
used to assess the different components of baroreflex 
function, i.e., pressor and depressor test, Valsalva 
maneuver, variable pressure neck chamber, has shown 
that there is a statistical positive relation between the 
results of these methods (29). Furthermore, recent 
studies with isoflurane (8) or morphine N20 diaze- 
pam (9) have shown that the trend of the results ob- 
tained with the pressor test, the depressor test, or the 
neck suction test were similar. We conclude fhat both 
diazepam and midazolam produce alteration of baro- 
reflex activity and a decrease of sympathezic tone. 
Although baroreflex depression associated with di- 
azepam or midazolam is less marked tkan that 
produced by other general anesthetics, the ise of di- 
azepam or midazolam may be a potential hezard for 
induction of anesthesia in patients with acu£e hypo- 
volemia. In contrast, the depression of adrerergic ac- 
tivity, after diazepam or midazolam adminstration, 
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may be considered as advantageous in the clinical 
management of patients with coronary artery disease. 


The authors are grateful to Dr. John Vogel for his help in the 
preparation of the manuscript. 
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The pharmacokinetics and maternal and neonatal e-fects of 
epidural lidocaine were compared in ten preeclamytic and 
five normotensive women undergoing cesarean section at 
36-40 weeks of gestation. Lumbar epidural anesthesia was 
achieved using 15-20 ml of 2% lidocaine without eoineph- 
rine. Serial venous samples for lidocaine levels were drawn 
from all the mothers during the procedure and upto 6 hr 
after the initial injection. Umbilical venous and arterial 
samples were drawn at delivery for measurement of reonatal 
acid-base status and lidocaine levels. There were xno sig- 
nificant differences between normotensive and preectamptic 
patients in the total dose of lidocaine, peak maternal plasma 
concentration, volume of distribution, maternal elin-ination 
half-life and umbilical vein/maternal vein ratios. The cal- 
culated area under the concentration time curve in pre- 


Lidocaine is a commonly used local anesthetic. agent 
for regional anesthesia. Recent controversies regard- 
ing the cardiotoxic effects of bupivacaine and the neu- 
rotoxicity of 2-chloroprocaine have promptec a re- 
newed interest in the use of lidocaine in okstetric 
patients (1,2). Studies have shown that lidocaine can 
be safely used for epidural anesthesia for vagimal de- 
liveries and cesarean sections in normal pregnent pa- 
tients (3,4). However, a detailed study of lidocaine in 
patients with severe preeclampsia is lacking. There- 
fore, we decided to study the pharmacokinetizs and 
maternal and neonatal effects of lidocaine in patients 
with preeclampsia. 
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eclamptic patients (18.5 + 4.7 pg-hr-ml 7) was signifi- 
cantly greater than in normotensive mothers (14.1 + 1.3 
pghr-ml 7?) (P < 0.02). Total maternal body clearance in 
preeclamptic patients (24.5 + 7.1 L/hr) was significantly 
lower than in normotensives (31.1 + 4.4 L/hr) (P < 0.05). 
Neonatal outcome as evaluated by Apgar scores, umbilical 
arterial and venous blood gas tensions, umbilical vein/maternal 
vein ratios, and early neonatal neurobehavior scores at 4 hr 
and 24 hr after birth were similar in the two groups. The 
results indicate that the total maternal body clearance of 
lidocaine is prolonged in preeclampsia, and repeated admin- 
istration of lidocaine can result in higher blood levels than 
in normotensive parturients. 


Key Words: ANESTHETIC TECHNIQUES, EPIDU- 
RAL. ANESTHETICS, Locat—lidocaine. ANES- 
THESIA, OBSTETRIC. PHARMACOKINETICS—epi- 
dural lidocaine. 


Methods 


This study was approved by the Institutional Review 
Board, and informed consent was obtained from each 
patient. Fifteen patients undergoing cesarean section 
were studied. They were divided into two groups. 
Group I consisted of five normal healthy women with 
no obstetrical or medical complications. Group II con- 
sisted of ten patients with preeclampsia. Eight pa- 
tients out of the ten in group II were diagnosed as 
having severe preeclampsia as evidenced by a systolic 
blood pressure of 160 torr or greater, or a diastolic 
pressure of 110 torr or greater on at least two occasions 
6 hr apart; proteinuria of at least 5 2/24 hr (8+ or 4+); 
oliguria of 500 ml or less in 24 hr; cerebral or visual 
disturbances; epigastric pain and pulmonary edema; 
or cyanosis (5). All patients in group II were treated 
with a loading dose of magnesium sulfate (Mg5O,), 
4-6 g, followed by 1-2 g/hr. In addition, two patients 
in group II also received hydralazine, 150 mg, in 150 
ml of 5% dextrose in water as continuous intravenous 
infusions to decrease diastolic pressure below 110 torr. 
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Patients in premature labor, patients with abnormal 
presentations, diabetes, preeclampsia superimposed 
on chronic hypertension, cardiac problems, respira- 
tory diseases, hepatic or renal diseases, and those 
who were receiving chronic medications all were ex- 
cluded from the study. None of the patients received 
any intravenous or intramuscular narcotics or seda- 
 tives within 2 hr before the beginning of the study. 
The laboratory data included complete blood count, 
hematocrit, serum electrolyte levels, coagulation 
studies, and liver function tests. Central venous pres- 
sure (CVP) was monitored in all preeclamptic patients 
and was maintained in the range of 6-8 cm H;O by 
fluid administration. 

All patients in both groups were in active labor 
prior to surgery. The indications for cesarean section 
in group I were previous cesarean section and ce- 
phalopelvic disproportion (CPD). In group II the in- 
dications for surgery were as follows: CPD, previous 
cesarean section, severe preeclampsia with inability 
to control blood pressure, and failure of labor to 
progress. 

After we made sure that the coagulation studies 
were normal, epidural catheters were placed in the 
usual manner at the L3-4 interspace and 18—20.ml of 
2% lidocaine without epinephrine was injected in di- 
vided doses. Anesthesia was achieved to the level T2- 
4 in all patients. Left lateral tilt was maintained, and 
oxygen was administered by face mask. Maternal blood 
pressure was measured every minute by an automatic 
blood pressure cuff. Maternal hypotension (in group 
Il a 3096 decrease in systolic pressure below pre- 
anesthetic level obtained after treatment with MgSO, 
and hydralazine and in group I a systolic pressure 
<100 torr) was corrected by increasing the rate of fluid 
administration and small doses of ephedrine. Samples 
of blood for lidocaine levels were drawn from a large 
indwelling venous catheter in the arm at 5, 10, 15, 20, 
25, 30, 40, and 60 min and at 1.5, 2, 4, and 6 hr after 
completion of the injection of lidocaine. The samples 
were placed in ice, centrifuged, and frozen at — 20°C 
until analysis. At the time of delivery, blood samples 
were drawn from umbilical artery and vein from dou- 
bly clamped sections of umbilical cords to measure 
blood gas tensions and lidocaine levels. The induc- 
tion-delivery interval (ID interval) and the uterine 
incision-delivery intervals (UD interval) were re- 
corded. The Apgar scores at 1 and 5 min were deter- 
mined by pediatricians, and the early neonatal neu- 
robehavior scores of Scanlon (ENNS) were performed 
at 4 hr and 24 hr of age. Sixty minutes after the initial 
injection, three patients in each group received an 
additional 120 mg of lidocaine, as they began to ex- 
perience some discomfort. All patients received 2.5—5 
mg of diazepam and 1-2 ml of fentanyl intravenously 
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for sedation after the umbilical cord was clamped. No 
further sedatives or narcotics were given. 

Plasma lidocaine levels were determined by flu- 
orescent polarization immunoassay using the TDX drug 
analyzer system and assay kits from Abbott Labora- 
tories. This immunoassay involves the competitive 
binding of the drug from the patient sample and a 
tracer-labelled analyte for antibody binding sites. A 
change in the polarization of the fluorescent light 
emitted by the tracer is measured by highly sensitive 
optic systems and is inversely related to the drug 
concentration (6). Compared with high pressure liq- 
uid chromatography (HPLC), the results indicate good 
correlation with a reported correlation coefficient of 
0.944, a slope of 0.975, and an intercept of 0.096. This 
assay system has a sensitivity of 0.1 ug/ml and shows 
less than 0.5% cross reactivity with the metabolites 
monoethyl glycine xylidide (MEGX) and glycine xy- 
lidide (GX) (7). . 

For pharmacokinetic analysis, the following equa- 
tions were used (8). The terminal elimination rate con-- 
stant (8) was calculated by the terminal slope of the 
log-linear phase of the concentration-time curve. The 
elimination half-life was calculated by the equation 


tz = In (2V8. 


The area under the concentration-time curve (AUC) 
was calculated by the linear trapezoidal method by 
adding the AUC from 0-6 hr to the extrapolated value 
to infinity, 


(concsuy/B 


where conc. is the serum lidocaine concentration at 
6 hr. Clearance (Cl) was calculated by the equation 


Cl = Dose/2AUC,.. 


and the apparent volume of distribution was calcu- 
lated by 


VdB = Dose/f-AUC,.... 


The statistical analysis was performed using the 
Student's t-test and x? analysis where appropriate, 
and a P value less than 0.05 was considered statisti- 
cally significant. The data are presented as mean + 
SD. 


Results 


The two groups of patients were similar in age, height, 
weight, and gestational age (Table 1). Mean arterial 
pressure (MAP) in group IJ (126.2 + 7.19 torr) was 
significantly higher than in group I (83.8 + 4.4 torr) 
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Table 1. Comparison of Patient Groups 


Group I Graup II 
(n = 5) (n = 10)* 
Maternal age (yr) 22.2 + 2.49 20.6 = 2.40 
Maternal weight (kg) 73.3 x 5.8 69.9 + 5.7 
Maternal height (cm) 64.0 + 1.2 64.1 — 1.9 
Gestational age (weeks) 37.8 + 1.5 37.9 + 0.99 
Infant weight (g) 3294 + 209 3322 + 404 
Parity-primiparas (number) 2 3 
Multiparas (number) 3 2 
"Mean + SD; no significant differences were noted. 
Table 2. Intraoperative Data 
Group I Grovp Il 
(n = 5y (n — 10y 
Mean maternal arterial 83.8 + 4.4 126.2 + 7.19 
pressure (torr) 
Time of onset of surgical 17.0 + 2.8 16.8 £ 2.7 
anesthesia (min) 
Amount of fluids 1120 + 228 2016 x 338^ 
administered (ml) 
Induction-delivery 28.0 + 4.5 27.3 3 3.7 
interval (min) 
Uterine incision-delivery 88.0 + 2.8 88.0 = 42 
interval (sec) 
Incidence of hypotension 2 z 
(number) 
Statistical analysis by Student's t-test and y? analysis. 
"Mean + SD. 
*P « 0.001. 


(Table 2). The level of anesthesia (T2-4), the tame of 
onset of surgical anesthesia, the incidence of hypo- 
tension, ID intervals, and UD intervals were similar 
in the two groups (Table 2). The amount of fluids 
administered in group II (2016 + 338 ml) was signif- 
icantly greater than in group I (1120 + 228 ml) 
(Table 2). 

Infant birthweights were similar in the two groups 
(Table 1). One baby in group II had an Apgar score 
of 4 at 1 min, but at 5 min, all babies in both groups 
scored above 7. The umbilical arterial and venous blood 
gas tensions and pH were normal in both groups of 
babies, and there were no significant differences be- 
tween the two groups (Table 3). There were no sig- 
nificant differences between the groups for any of the 
variables tested in the ENNS at 4 and 24 hr (Table 4, 
Table 5). All babies were admitted to the normel new- 
born nursery, and none of the babies required special 
care. 

Liver function tests were abnormal in six patients 
in group II in whom serum glutamic oxaloacetate 
transaminase levels were moderately elevated and al- 
kaline phosphatase and lactic dehydrogenase levels 
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Table 3. Umbilical Venous and Arterial Blood Gas Data 


Group I Group II 
(n = 5) (n = 10) 
Umbilical Vein 
pH 7.35 + 0.02 7.4 + 0.02 
Po; (torr) 32.0 + 4.7 30.2 + 1.6 
Pco, (torr) 39.2 + 2.3 38.0 + 2.7 
Base deficit (mEq/L) 220 TL ——0 £ 24 
Umbilical Artery 
pH 7.30 + 0.02 7.30 + 0.03 
Po, (torr) 19.0 + 1.8 18.0 + 1.6 
PCO; (torr) 49.0 + 2.6 50.0 + 2.0 
Base deficit (mEq/L) —5.0 + 1.4 c9. 22.0 


"Mean + SD; no significant differences were noted. 


were markedly elevated. Serum bilirubin was ele- 
vated in one of the six patients. 

There were no significant differences between the 
two groups in the mean doses of lidocaine adminis- 
tered, peak plasma concentration, or the time to reach 
peak concentration (Table 6). At the time of delivery 
the mean maternal lidocaine plasma levels, umbilical 
venous lidocaine levels, and the umbilical vein/maternal 
vein lidocaine ratios were not significantly different 
in the two groups (Table 7). The AUC (Fig. 1, Table 
8) was significantly higher in group II (18.5 + 4.7 
ug-hrml~*) than in group I (14.1 + 1.3 wg-hrml~?). 
Similarly, total body clearance of lidocaine was sig- 
nificantly lower in group II (24.5 + 7.1 L/hr) than in 
group I (31.1 + 4.4 L/hr). The volume of distribution 
(Vd) and elimination half-life (t128) were not signifi- 
cantly different in the two groups (Table 8). 


Discussion 


The anesthetic. management of patients with severe 
preeclampsia is controversial. Transient but severe 
hypertensive responses during endotracheal intuba- 
tion under general anesthesia can lead to cerebral 
hemorrhage, pulmonary edema, and cardiac failure 
(9,10). Pretreatment with potent vasodilators may or 
may not attenuate such responses (9,10). The possible 
occurrence of laryngeal edema and the ever-present 
danger of maternal aspiration add to the dangers of 
general anesthesia. 

When hypovolemia is corrected, and in the absence 
of coagulopathies, fetal distress, antepartum hemor- 
rhage, and other absolute contraindications for major 
regional anesthesia, continuous lumbar epidural 
anesthesia is eminently suitable in patients with se- 
vere preeclampsia. In a recent study using the Xe??? 
clearance technique, Jouppila et al. showed that, in 
patients with severe preeclampsia, lumbar epidural 
anesthesia increased the intervillous blood flow by 
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Table 4. Percentage of Neonates with High 
Neurobehavioral Scores 





Group I Group II 
(n = 5) (n = 10)? 
Pin prick 4hr 60 50 
24 hr 100 90 
Pull to sit 4hr 40 40 
24 hr 80 70 
Arm recoil 4hr 40 40 
24 hr 80 50 
Truncal tone 4hr 20 50 
24 hr 60 40 
General tone 4 hr 40 50 
24 hr 60 50 
Rooting 4 hr 30 30 
24 hr 70 50 
Sucking 4 hr 90 60 
24 hr 100 100 
Moro 4 hr 60 50 
24 hr 60 60 
Placing 4 hr 80 50 
24 hr 80 80 
Alertness 4 hr 80 70 
24 hr 60 80 
General assessment 4 hr 90 80 
24 hr 100 100 
State 4 hr 60 70 
24 hr 80 70 


No significant difference by x? analysis was noted. 
“All values are expressed as percentage. 


77% when the maternal mean arterial pressure was 
maintained at baseline levels (11). 


Maternal Effects 


The total dose of lidocaine administered to our pa- 
tients is similar to that used in other studies (4,12). 
Epinephrine was not added to the local anesthetic 
solution in our study because preeclamptic patients 
are hypersensitive to vasopressors (9). In spite of the 
lower clearance of lidocaine in group II, none of the 
mothers experienced symptoms or signs of central 
nervous system toxicity. Hypotension in a normal 
pregnant patient is defined as 25-30% change of sys- 
tolic pressure from baseline or a decrease in the sys- 
tolic pressure below 100 torr. These criteria may not 
be acceptable in patients with severe preeclampsia 
with a higher baseline mean arterial pressure. We 
administered enough fluids to the preeclamptic pa- 
tients to maintain the CVP at 6-8 cm H,O. In spite 
of this, in two patients in this group the systolic pres- 
sure decreased below 100 torr but responded quickly 
to the administration of more fluids and small doses 
of ephedrine. The amount of fluids administered was 
significantly increased in our patients with severe 
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Table 5. Percentage of Neonates with 
Response Decrements 





Group I Group II 
(n = 5y (n = 10y 
Pin prick decrement 4 hr 100 80 
24 hr 100 100 
Sound decrement 4 hr 80 90 
24 hr 100 90 
Light decrement 4 hr 80 80 
24 hr 100 90 
Moro decrement 4 hr 80 70 
24 hr 100 90 
No significant difference by x? analysis was noted. 
All values are expressed as percentage. 
Table 6. Lidocaine Dose and Peak Maternal 
Plasma Concentration 
Group I Group Il 
(n = 5y (n = 10y 
Initial dose of 370.0 + 20.0 372.0 + 27.0 
lidocaine (mg) 
Total dose of 436.0 + 50.0 422.0 + 50.0 
lidocaine (mg) 
Peak plasma 2.5 *-02 3.4 + 0.8 
concentration (ug/ml) 
Time to reach 34.0 + 13.2 37.0 + 13.0 


peak concentration (min) 


"Mean + sp; no significant differences were noted. 


preeclampsia, a finding already reported by Joyce et 
al. (13). No complications occurred in any of the moth- 
ers in the postpartum period. The liver function tests 
were normal in all patients at the time of discharge. 


Neonatai Effects 


In patients with severe preeclampsia there is a high 
incidence of growth retardation and premature labor 
(14,15). In our study, gestational age and birthweight 
in the two groups were similar. We did not include 
mothers with premature labor, abnormal presenta- 
tions, and other complications such as diabetes mel- 
litus and chronic hypertension, so that comparisons 
could be made between the groups. The Apgar scores, 
umbilical arterial and venous blood gases, umbilical 
vein/maternal vein ratio, and the ENNS were similar 
in the two groups of babies. 

Lidocaine has a molecular weight of 234, and it 
easily crosses the placental barrier (16). The ratio be- 
tween umbilical venous and maternal venous lido- 
caine levels at delivery was higher in the present pa- 
tients than in previous studies (3,4,12), perhaps because 
we did not use epinephrine with the lidocaine; thus 
the result was that vascular absorption of lidocaine 
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Table 7. Maternal and Umbilical Venous Levels at 
Delivery and Umbilical Venous/Maternal Venous Eatios 


Group I Cxoup Il 
(n = 5y (x = 10) 
Maternal plasma level (ug/ml) 2.64 + 0.2 3.15 + 0.8 
Umbilical vein level (ug/ml) 1.88 + 0.36 1.73 + 0.46 
Umbilical vein/maternal vein ratio 0.71 + 0.13 — 0.57 + 0.18 
‘Mean + SD; no significant differences were noted. 
Table 8. Maternal Pharmacokinetic Data 
Group I Group II 
(n = 5y (n = 10y P 
Area under 14.1 + 1.3 18.5 + 47 0.02* 
the concentration- 
time curve 
(ugihr-ml 7?) 
Clearance (L/hr) 31.1 + 4.4 24.5 + 7.1 0.05° 
Volume of 154.1 + 110.6 146.9 + 45.7 NS 
distribution 
(Vd) (L) 
Elimination 3.36 + 2.2 4.47 + 2.7 NS 
Half-Life 
(t22) (hr) 
‘Mean + SD. 


‘Statistically significant. 
NS, Not significant. 


after maternal injection was more rapid and thus ma- 
ternal plasma levels and transfer of drug accoss the 
placental barrier were greater. In a recent study, Ab- 
boud et al. found that addition of epinephrire to lid- 
ocaine significantly lowers the placental transfer and 
the umbilical vein to maternal vein ratios (17). Even 
in normal pregnancy, asphyxia leads to acidDsis and 
“ion trapping” of lidocaine in the fetus (16,18). To 
avoid further deterioration of the already -ompro- 
mised placental circulation in patients with severe tox- 
emia, proper oxygenation of the mother and metic- 
ulous attention to avoiding factors leading; to fetal 
asphyxia such as maternal hypotension and aorto- 
caval compression are essential. The decreesed pla- 
cental perfusion in severe preeclampsia can aso cause 
increased maternal lidocaine levels. In a recent study 
using the Brazelton Neonatal Neurobehav:oral As- 
sessment Scale (BNBAS), Kuhnert et al. four d subtle 
changes in babies whose mothers received idocaine 
for epidural anesthesia compared with those babies 
whose mothers received 2-chloroprocaine (19). The 
BNBAS was not performed in our study. 


Pharmacokinetic Data 


The pathophysiologic changes in preeclampsia such 
as decreased plasma volume, increased intersitial fluid 


RAMANATHAN ET AL. 


o 


A 


@e PRE ECLAMPSIA 
O-O NORMAL 






COT 3i 


LIDOCAINE CONC. mean + SD (ug/ml) 
-à m 
m —— 


1 2 3 4 5 6 
TIME (HRS) 


Figure 1. Mean lidocaine levels in group I and group II. 


volume, decreased plasma proteins, and decreased 
renal and hepatic function can all have profound in- 
fluence on the maternal responses to drug therapy 
and drug disposition. The total dose of lidocaine ad- 
ministered in this study was 436 + 50 mg in group I 
and 422 + 50 mg in group II and the maternal level 
at delivery was 2.64 + 0.2 ug/ml in group I and 3.16 
+ 0.08 ug/ml in group II. These findings are com- 
parable to levels reported by others (4,12). Shnider et 
al. found the ratio between maternal venous and ma- 
ternal arterial levels for lidocaine with epinephrine 
was 76 + 17.8 (20). In our study, serial arterial sam- 
pling might have shown a higher level with peak 
values occurring earlier because epinephrine was not 
added to the local anesthetic. The peak maternal lev- 
els (Table 6) in preeclamptic mothers shows a trend 
of higher levels than in normotensive mothers, but 
there were no statistically significant differences be- 
tween the two groups. The calculated AUC (Fig. 1, 
Table 8) was significantly greater and the total body 
clearance significantly slower in the preeclamptic group 
than in normal parturients. There were wide individ- 
ual variations in the Vd (Table 8) in both groups. 
Maternal elimination half-life (t28) was prolonged in 
both groups when compared with a half-life of 100- 
120 min for intravenously administered lidocaine in 
healthy volunteers (21). This is probably due to large 
Vd values and unpredictable vascular uptake from 
epidural lipid and protein depots when lidocaine is 
injected epidurally (16,21,22). 

In a recent similar study, Kuhnert et al. (23) found 
that after lidocaine spinal anesthetic in healthy preg- 
nant patients the drug is detectable in both maternal 
and neonatal plasma. The mean maternal lidocaine 
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levels were lower than those found after epidural 
anesthesia. Spinal anesthesia is seldom used in pa- 
tients with severe toxemia, as a precipitous fall in 
5lood pressure is common due to the presence of 
nypovolemia in these patients (2). 

Lidocaine is metabolized by hepatic microsomal en- 
zymes, and clearance depends upon three factors: 
hepatic blood flow, hepatocellular function, and pro- 
tein binding (24). First, lidocaine, with a high hepatic 
extraction ratio (0.63), has a clearance that is very 
sensitive to changes in hepatic blood flow (21,24). In 
severe preeclampsia, there is intense vasospasm in- 
volving all major vascular beds including the splanch- 
nic vascular bed. This can decrease the hepatic blood 
flow. In addition, a previous study has shown that 
even in normal volunteers, epidural anesthesia with 
lidocaine without epinephrine decreased hepatic blood 
flow by 23% and the hepatic extraction ratio by 21%, 
while increasing splanchnic vascular resistance by 30% 
(25). 

Second, in severe preeclampsia conventional liver 
function tests may be abnormal, and the more severe 
the preeclampsia the greater the degree of hepatic 
dysfunction (15,26,27). In addition, immunofluores- 
cence studies on needle biopsies of liver in severe 
preeclamptic patients show generalized diffuse fibrin 
deposits in the hepatic sinusoids with focal ischemic 
necrosis of the hepatic parenchyma which also causes 
elevation of liver enzymes (28). In our study, six of 
the ten patients in group II had elevated plasma levels 
of liver enzymes. 

Third, the unbound or free fraction of lidocaine in 
pregnant women is significantly greater than in non- 
pregnant women (29). Total plasma protein levels in 
patients with toxemia are decreased. However, a re- 
cent study has shown that the a-1 acid glycoprotein 
levels (a major binding site for lidocaine) are greater 
in preeclamptics than in normal parturients (30). The 
protein binding characteristics of lidocaine in patients 
with severe preeclampsia have yet to be studied. The 
etiology of decreased clearance of lidocaine in our 
group of severely preeclamptic mothers is therefore 
uncertain. We believe that a combination of all the 
above factors contributes to the decreased clearance 
of lidocaine. 

In conclusion, the present results indicate that total 
body clearance of lidocaine is prolonged in pre- 
eclampsia, and this finding may become clinically sig- 
nificant with repeated injections of lidocaine because 
higher levels of the drug may be potentially neurotoxic. 


We wish to thank Mary Rogers, CRNA, and Anita Montalvo, CRNA, 
for their assistance and Teresa Tucker for typing this manuscript. 
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Anesthesia for Hypoplastic Left Heart Syndrome: 


Use of High-Dose Fentanyl in 30 Neonates 


Dolly D. Hansen, MD, and Paul R. Hickey, MD 


HANSEN DD, HICKEY PR. Anesthesia for hypoplastic 
left heart syndrome: use of high-dose fentanyl in 30 
neonates. Anesth Analg 1986;65:127-32. 


The anesthetic management of the first stage palliative sur- 
gical repair of hypoplastic left heart syndrome with a high- 
dose fentanyl (50 ug/kg)-pancuronium (0.14 mg/kg) an- 
esthetic technique is described in 30 neonates. Previously 
this severe form of congenital heart disease carried a 100% 
rate of mortality. The pathophysiology that leads to this 
mortality is explained and related to the surgical procedure 
utilized for palliation. The major problem encountered in- 
traoperatively was control of pulraonary blood flow. Man- 
agement of the effect of anesthesia and intraoperative events 


Hypoplastic left heart syndrome (HLHS) is a complex 
of congenital anomalies of the aorta and the left side 
of the heart generally not associated with extracardiac 
congenital anomalies. Occurrence of HLHS has pre- 
viously led to 100% mortality early in lite despite nu- 
merous attempts at surgical palliation and correction 
(1-3). Advances in cardiac surgical techniques and 
growing understanding of single ventricle physiology 
have now made palliation and later Fontan type repair 
feasible without transplantation (4). Although HLHS 
occurs in 7.5% of infants with congenital heart dis- 
ease, almost as frequent as isolated patent ductus ar- 
teriosus (5), anesthesiologists rarely have had occa- 
sion to care for these infants. Increasing numbers of 
neonates with HLHS are now presenting at infant 
cardiac centers for surgical repair. Anesthetic man- 
agement of the neonate with HLHS has not previ- 
ously been described in the literature. 

The purpose of this report is to describe problems 
in the both anesthetic and perioperative management 
unique to newborns with HLHS and our experience 
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on pulmonary blood flow was important because the rapid 
flux in pulmonary vascular resistance during the postnatal 
and perioperative period is the major destabilizing factor in 
these neonates. Ventricular fibrillation with surgical ma- 
nipulation was a minor problem in ihe present series but 
was a major problem in an earlier series where a low dose 
narcotic-nitrous oxide technique was used. Ventricular fi- 
brillation probably occurred due to the relative coronary 
insufficiency resulting from the anatomy present in this 
syndrome. 


Key Words: ANESTHESIA, NEONATAL. HEART—hy- 
poplastic left heart syndrome. ANESTHETICS, 1N- 
TRAVENOUS—fentanyl. 


with a high-dose fentanyl technique as one approach 
to these problems. 


Physiology and Surgical Technique 


In the typical HLHS syndrome, aortic valve atresia, 
hypoplasia of the ascending aorta, severe left ven- 
tricular hypoplasia, and hypoplasia of the mitral valve 
are combined (Fig. 1). Neonates with HLHS depend 
upon patency of the ductus arteriosus to provide sys- 
temic blood flow, but they may be asymptomatic until 
physiologic closure of the ductus arteriosus occurs. 
At that time, systemic and coronary perfusion be- 
comes progressively insufficient, leading to metabolic 
acidosis, coronary ischemia, and eventually death. 
In addition to ductal patency, the viability of HLHS 
infants is also dependent on a balanced level of pul- 
monary vascular resistance (PVR) relative to systemic 
vascular resistance (SVR) because both circulations 
are supplied from a single ventricle in a parallel fash- 
ion. The rapid decrease in the PVR that normally oc- 
curs early in neonatal life also takes place in neonates 
with HLHS, resulting in increasingly large pulmonary 
blood flow at the expense of systemic blood flow, a 
"pulmonary steal" phenomenon. In this situation, both 
coronary and systemic blood flow again become in- 
sufficient, leading to metabolic acidosis, high ouput 
cardiac failure, and death despite increasingly high 
levels of Pao; due to the large pulmonary flow. 
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Figure 1. Anatomy of typical HLHS. Left ventricle is not seen be- 
cause it is posterior and extremely small. Coronary flow is derived 
retrogradely down the hypoplastic arch. Abbreviations: Asc Ao, 
ascending aorta; PDA, persistent ductus arteriosus; Desc Ao, de- 
scending aorta; MPA, main pulmonary artery; RV, right ventricle; 
RA, right atrium. 


Alternatively, any postnatal events that lead to el- 
evation of PVR can easily reduce pulmonary. blood 
flow to the point where arterial Po; becomes so low 
that progressive metabolic acidosis and finall- circu- 
latory failure result (Fig. 2). Because there is a rapid 
flux in PVR in the postnatal period, the necessary fine 
balance between PVR and SVR depicted in Hgure 2 
is unstable and difficult to maintain. 

The completed palliative procedure shown in Fig- 
ure 3 eliminates the need for a patent ductus arteri- 
osus. The procedure is carried out by transsec'ing the 
pulmonary artery and using the proximal po-tion to 
reconstruct the ascending aorta. A systemic-to- 
pulmonary shunt to provide pulmonary flow'is then 
connected from the reconstructed aorta to tke over- 
sewn stump of the distal pulmonary artery. This pal- 
liative procedure leaves the single (right) ventricle di- 
rectly connected to the systemic circulation kut also, 
via the shunt, connected to the pulmonary circulation 
in a parallel arrangement as before. The stage is then 
set for later correction with a Fontan-type procedure 
(anastomosis between the right atrium and pulmo- 
nary artery) when PVR has decreased to aduk levels. 
The Fontan procedure, together with the elimination 
of the anatomic shunt, then separates the iwo cir- 
culations, thus resulting in normal arterial oxygen 
saturations. 

Both before and after the palliative procedu-e, there 
is complete mixing of pulmonary venous end sys- 
temic venous blood in a single ventricle whica is con- 
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nected parallel to both the pulmonary and systemic 
circulations. The palliative procedure thus does not 
eliminate the need for the delicate balance shown in 
Figure 2 but does eliminate the need for ductal pa- 
tency to provide adequate systemic flow, which is 
accomplished preoperatively by a prostaglandin E, 
infusion. 


Patient Population and 
Anesthetic Management 


We retrospectively reviewed the hospital courses of 
all HLHS neonates undergoing the Stage I palliative 
procedure at our institution during 1982 and 1983. 
Less severe variants of HLHS in which the prognosis 
is somewhat better were excluded. Descriptive statis- 
tics were compiled for three time periods: preopera- 
tively in the intensive care unit before transport to 
the operating room, after induction of anesthesia be- 
fore the start of cardiopulmonary bypass (CPB), and 
after the palliative procedure when the neonate had 
stabilized after CPB. We identified 30 neonates with 
typical HLHS who had been anesthetized with high- 
dose fentanyl technique, air-oxygen, and pancuro- 
nium for muscle relaxation. Only muscle relaxants 
and no anesthetics were used after CPB and subse- 
quent deep hypothermic circulatory arrest because 
cerebral function typically is markedly depressed for 
several hours after the 45-60 min of circulatory arrest 
used for this procedure. 

The infants were all neonates 6 + 6 (SD) days old 
and 3.2 + 0.4 kg in weight. Their mean hematocrit 
was 43 + 8%, reflecting blood loss and transfusion 
during cardiac catheterization rather than degree of 
hypoxemia. Prostaglandin E, infusion for ductal pa- 
tency was required preoperatively in 83%, inotropic 
support in 23%, and continuing bicarbonate infusions 
for acidemia (pH < 7.30) in 20%. The condition of the 
neonates generally had been stabilized as much as 
possible after their arrival at this hospital and sub- 
sequent cardiac catheterization. Usually umbilical ar- 
tery and intravenous lines were in place prior to ar- 
rival in the operating room; infants receiving 
prostaglandin infusions had been intubated previ- 
ously. After the routine monitoring of systemic ar- 
terial pressure, temperature, and ECG was begun, 
anesthesia was induced with between 50 and 75 pg/kg 
of fentanyl (mean 59 pg/kg) given simultaneously with 
0.1-0.15 mg/kg of pancuronium (mean 0.14 mg/kg) 
over a period of 5-10 min during ventilation with 
100% O,. Neonates without endotracheal tubes were 
then intubated. Arterial blood gas tensions were mea- 
sured after induction and a period of stable manual 
ventilation using an Flo, of 1.0. Time from incision to 
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Figure 2. Physiologic balance necessary 
for survival in HLHS before and after pal- 
liative surgical procedure. Before the pal- 
liation the connection between pulmo- 
nary and systemic circulations is provided v PBF 
by the ductus arteriosus. After the pro- 

cedure the connection is provided by the | 
central shunt. Abbreviations: PVR, pul- 

monary vascular resistance; SVR, sys- 
temic vascular resistance; PBF, pulmonary 
blood flow; SBF, systemic blood flow; PDA, 
persistent ductus arteriosus. 
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beginning of cardiopulmonary bypass was rarely more 
than 20 min, during which time 10-15 ml/kg of crys- 
talloid was infused. 

If initial Pao. was greater than 100 mm Hg after 
induction, Fio, and ventilation were decreased, allow- 
ing Paco; to increase and pH to decrease. These two 
maneuvers generally increase PVR and decrease pul- 
monary blood flow so that Pao, decreases. If neces- 
sary, positive end expiratory pressure (PEEP) was 
added to increase lung volumes also raising PVR and 
decreasing pulmonary flow, thus paradoxically low- 
ering Pao; in the presence of HLHS with complete 
mixing of pulmonary and systemic venous return. 
These maneuvers were aimed at increasing systemic 
blood flow and pressure by reducing “pulmonary 
steal." In extreme cases of high pulmonary flow (judged 
by high Pao?) and systemic hvpotension, the sur- 
geons were asked to put a temporary snare around 
the left or right pulmonary artery as soon as the heart 
was exposed to reduce pulmonary blood flow and 
thus raise systemic flow and pressure. The infants 
were placed on cardiopulmonary bypass (CPB) and 
cooled to «20? C, after which the circulation was 
errested for 40-60 min while the aortic arch was re- 
constructed. The last part of the surgical procedure 
was the creation of a systemic-to-pulmonary shunt 
efter CPB had been reinstituted and the infant was 
being rewarmed. After completion of the reconstruc- 
tive procedure, weaning from CPB was accomplished 
with or without inotropic support.Dopamine or isu- 


proterenol was used generally when inotropic sup- 
port was necessary, depending on the PVR. 

The most frequent problem encountered after by- 
pass was too little pulmonary blood flow with re- 
sultant arterial hypoxemia (Pao, < 20 mm Hg). This 
was treated with hyperventilation to an alkalotic pH 
and a low Paco, (20-25 mm Hg) (6,7), elevation of 
systemic arterial pressure, a trial of isoproterenol in- 
fusion to decrease PVR, and partial CPB support to 
increase Pao, and myocardial oxygenation for a short 
period of time. When pulmonary blood flow was in- 
adequate as judged by the Pao; (direct measurement 
of pulmonary flow being technically infeasible), the 
pattern of ventilation seemed to be almost as impor- 
tant as minute volume of ventilation in increasing 
pulmonary blood flow. With persistent use of the 
measures outlined above, the arterial oxygenation 
usually improved to viable levels (Pao; 30-40 mm Hg) 
as length of time after termination of CPB increased. 

A less common problem was too much pulmonary 
blood flow after bypass, indicated by levels of Pao; 
> 50 mm Hg. In this event, manipulations similar to 
those used after induction when an excessively high 
Pao, occurred were again used to decrease pulmonary 
blood flow. As previously described, these maneu- 
vers included decreases in Fig, and ventilation, along 
with application of PEEP if necessary. If a Pao, > 50 
mm Hg was allowed to persist in the operating room 
or intensive care unit postoperatively, a progressive 
metabolic acidosis developed because of inadequate 
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Figure 3. Anatomy after first stage palliative procedure for HLHS 
in the neonatal period. Ascending aorta has been recongructed 
from the proximal pulmonary artery. Abbreviations: RA, rightatrium; 
RV, right ventricle (single ventricle). 


systemic flow. If the manipulations described above 
could not control the high pulmonary blood flow, the 
size of the systemic-to-pulmonary shunt had to be 
reduced. 


Results and Outcome 


Table 1 shows the vital signs, arterial blood ges ten- 
sions, and requirements for inotropic suppo-t and 
prostaglandin E; infusion at comparable times in each 
infant before operation in the ICU and after induction 
of anesthesia. Vital signs, requirements for support, 
and arterial blood gas tensions were similar before 
and after anesthesia was induced except for the mark- 
edly higher Pao, and a mild respiratory alkalos:s after 
induction of anesthesia. One neonate (3.3%) devel- 
oped ventricular fibrillation (VF) during initial sargical 
manipulation of the heart; defibrillation was -eadily 
accomplished using countershock with return of ad- 
equate systemic pressure. 

Table 2 shows the clinical status of 29 infante when 
stable in the operating room after CPB and their re- 
quirements for inotropic support compared -o ino- 
tropic support needed before bypass. The level of 
Pao, and its low variability are noteworthy. Ore neo- 
nate who had been in severe, intractable congestive 
heart failure prior to operation failed to regain cardiac 
function after CPB. 

Fresh whole blood was given after bypass tc main- 
tain ventricular filling pressures at levels adequate to 
assure an appropriate systemic perfusion pressure. 
Bleeding from the extensive aortic and pulmonary 
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Table 1. Clinical Status Before and After Induction of 
Anesthesia (Mean + SD) 


Before anesthesia ^ After induction 


Variable (ICU) (OR) 
Systemic systolic blood 69 + 7 68 + 10 
pressure (mm Hg) 

Heart rate (beats/min) 149 + 8 143 + 13 
Systemic arterial pH 7.39 + 0.09 7.52 + 0.09 
Pao; (mm Hg) 50 + 13 159 + 120 
Paco; (mm Hg) 35 +7 29 x 7 
Inotropic support (976) 23 23 
Prostaglandin E, 83 83 


infusion (96) 


arterial suture lines, together with the coagulopathy 
associated with CPB, plus extensive dilution of the 
neonate's blood volume by the pump prime often 
necessitated the transfusion of several blood volumes 
in the immediate postbypass period. Adequacy of in- 
travascular volume replacement was determined by 
intra- and postoperative measurement of atrial pres- 
sures using intracardiac catheters (a large atrial septal 
defect is created intraoperatively if not previously 
present, essentially making the left and right atrium 
into a common chamber). Fresh blood, frozen plasma, 
and platelets were used liberally intraoperatively when 
clotting was felt to be inadequate and postoperatively 
after specific clotting studies were obtained. The ac- 
companying large citrate loads in a neonate necessi- 
tated large quantities of calcium to support ionized 
calcium levels after CPB. Frequent measurement of 
ionized calcium levels was required to guide calcium 
therapy in this period. 

In the intensive care unit inotropic and ventilatory 
support was continued as described for the period 
after CPB. The infants were sedated with 0.1 mg/kg 
morphine, but later in the series they were sedated 
with infusions of fentanyl given together with pan- 
curonium to facilitate control of ventilation until 
hemodynamic stability was attained. Time of venti- 
latory support varied from 3 days to several weeks, 
the median time being 7 days. The surviving infants 
were discharged 16 days to more than 2 months post- 
operatively; the median discharge time was 30 days. 

Of 30 infants, 14 were discharged from the hospital 
(47%), 1 died in the operating room (3%), 6 died in 
the intensive care unit within 24 hr (20%), and there 
were 9 late hospital deaths (3096) for an overall mor- 
tality rate of 5396. 


Observations and Discussion 


The results reported above demonstrate that the high- 
dose fentanyl-pancuronium technique used in the 
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Table 2. Clinical Status Before and After CPB 
‘Mean + SD) 





Before bypass After bypass 

Variable (n = 30) (n = 29) 

Systemic systolic blood 68 + 10 68 + 8 
pressure (mm Hg) 

Heart rate (beats/min) 143 + 13 141 + 12 
Systemic arterial pH 7.52 + 0.09 7.47 + 0.09 
Pao; (mm Hg) 159 x 120 31 + 8 
Paco; (mm Hg) 29 4 4l +12 
Inotropic support (76) 23 70 


present series provides good cardiovascular stability 
in infants with HLHS. We surveyed 10 cases operated 
upon during our early experience with HLHS in 1980-81 
when morphine (0.3 mg/kg)-metubine (0.4 mg/kg) 
-nitrous oxide was theanesthetictechnique used. These 
10 cases were quite similar to the cases in the present 
series, but a high incidence (50%) of VF was noted 
during initial surgical manipulation prior to bypass in 
the earlier group, compared to 34, in the present group. 
This earlier group was not concurrent with the pres- 
ent series. Subsequent changes in surgical technique, 
preoperative preparation, and anesthetic manage- 
ment prevent strict comparison of the incidence of VF 
with the two different anesthetic techniques. 

A probable cause of the low threshold for VF in 
HLHS before palliation is insufficient coronary blood 
flow. Because the upper half of the body receives 
arterial blood flowing retrograde up the arch from the 
ductus arteriosus, the coronary bed is perfused by 
blood flowing in a retrograde direction through a long, 
hypoplastic ascending aorta. This anatomic situation 
results in a pathophysiology somewhat analogous to 
left main coronary artery stenosis in an adult and is 
corrected during the palliative operation. For presum- 
ably similar reasons, a high incidence of intraopera- 
tive VF also is seen in neonates with critical aortic 
stenosis prior to valvotomy. 

Although it would be speculative and unjustified 
to attribute the low incidence of VF in the present 
series (3%) solely to use of the high-dose fen- 
tanyl-pancuronium technique, this potential problem 
of VF should be noted and guarded against. The dan- 
ger of VF together with the often borderline cardiac 
status of the HLHS neonate argues against the use of 
potent inhalational agents such as halothane in these 
patients. Neither further lowering of the threshold 
for ventricular arrhythmias with halothane nor the 
potent negative inotropic effect of halothane in im- 
mature hearts (8) would seem advisable in these neo- 
nates. In contrast, large doses of fentanyl, together 


ANESTH ANALG 131 
1986;65:127—32 


with pancuronium, have been shown to provide 
hemodynamic stability in infants (9). 

The major clinical change in neonates with HLHS 
after induction of anesthesia with the present tech- 
nique was the increase in Pao; and its large variability 
indicated by the high standard deviation. Regardless 
of the Fio, a high Pao; in the presence of HLHS with 
complete mixing of pulmonary and systemic venous 
blood implies a very high pulmonary blood flow at 
the expense of the systemic circulation. In the ma- 
jority of our patients this was not reflected by a lower 
systolic arterial pressure after induction, presumably 
because alterations in peripheral vascular tone tem- 
porarily compensated for the decreased systemic flow 
which would be accompanied by a progressive met- 
abolic acidosis. We usually did not see a metabolic 
acidosis prior to cardiopulmonary bypass in these pa- 
tients because the period of low systemic flow was 
brief. In neonates who had persistently elevated lev- 
els of Pao; (72100 mm Hg) after induction of anes- 
thesia and were unresponsive to the maneuvers de- 
scribed above, temporary ligation of one pulmonary 
artery prior to bypass would typically increase sys- 
temic arterial pressure by 20-30 mm Hg and would 
decrease Pao; back to preoperative levels (approxi- 
mately 40-50 mm Hg). 

When Pao; increased appreciably above 50 mm Hg 
for more than a brief period pre- or postoperatively 
in either the intensive care unit or the operating room, 
the progressive metabolic acidosis described above 
would develop if pulmonary blood flow was not de- 
creased by appropriate maneuvers. In turn, the pro- 
gressive metabolic acidosis led to further decreases in 
systemic output and eventual cardiovascular collapse, 
accounting for a large part of the early postoperative 
mortality. 

The reason for the large increase in Pao; (and pre- 
sumably the large increase in pulmonary flow) with 
the induction of anesthesia is unclear. Neither re- 
duction of oxygen consumption with paralysis and 
anesthesia nor decreases in intrapulmonary shunting 
(at cardiac catheterization pulmonary venous blood 


. was usually highly saturated with oxygen indicating 


little intrapulmonary shunt) are likely to be a large 
factor. Use of 100% O 2 during induction usually leads 
to a decrease in PVR in normal neonates, increasing ` 
pulmonary flow and perhaps accounting for some of 
the rise in Pao; observed in our patients. In addition 
to the use of 10076 O;, the hyperventilation after in- 
duction, shown by the increase in pH and decrease 
in Paco, after induction (Table 1), probably also con- 
tributed to the decrease in PVR and the increase in 
pulmonary blood flow (6,7). 

Large increases in pulmonary blood flow occur at 
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the expense of systemic flow, so use of 100% ©, for 
induction might be criticized. However, as seer from 
the large variability in the Pao? measured after in- 
duction of anesthesia, some infants do not increase 
their Pao, with induction so that initial use of a low 
Fio, might be hazardous and lead to irreversibly low 
levels of Pao; and cardiovascular collapse. In those 
infants in whom Pao, increases substantially af-er in- 
duction, pulmonary blood flow can be controlled us- 
ing the maneuvers described above. 

Balancing pulmonary and systemic flow as de- 
picted in Figure 2 is problematic during induction of 
anesthesia and subsequent surgical manipulations, but 
PVR and SVR can be highly variable after CP3, in- 
creasing the problem. Because of increases in. PVR 
with CPB and circulatory arrest, the high reactivity of 
the neonatal pulmonary circulation, and infusion of 
large amounts of blood products, the PVR tends to 
be high at the time of termination of CPB. In this 
situation, achieving the necessary fine balance be- 
tween pulmonary and systemic flows in a univantri- 
cular, parallel circulation is a real challenge. Although 
neonatal hearts tolerate low arterial saturations in the 
absence of acidemia, low pulmonary blood flows after 
CPB resulting in levels of Pao; « 20 mm Hg and 
arterial oxygen saturation of «5096 were not tolerated 
despite good systemic flow and pressure. 

Although size of the surgically created shurt is a 
potentially limiting factor in determining pulmonary 
flow, flow through prosthetic shunts is passive rather 
than autoregulated by smooth muscle activity in ves- 
sel walls. The prosthetic shunts used were not re- 
strictive enough to prevent alterations in pulmonary 
blood flow, and thus alterations in arterial oxzgen- 
ation, whenever relative pulmonary and syscemic 
vascular resistance changed. The impact of various 
anesthetic manipulations, anesthetic agents, su-gical 
interventions, and ventilation on this fragile balance 
is poorly understood. The effects of amount and pat- 
tern of ventilation, lung volumes, Flo, pH, and an- 
esthetic agents on pulmonary vascular resistance are 
poorly understood in neonates and require further 
study. The techniques described above that we have 
used to compensate for fluxes in PVR and syszemic 
vascular resistance in neonates with HLHS are largely 
empirical. The present technique using high dozes of 
fentanyl may be of benefit in stabilizing the pulmo- 
nary circulation in these infants because high doses 
of fentanyl have been shown to blunt stress responses 
in the pulmonary circulation of infants (10). However, 
there are few other data available to suggest apro- 
priate management techniques. 

Surgical techniques for management of HLES are 
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still evolving, as is our understanding of the anes- 
thetic techniques useful in managing the problems 
outlined above. The incidence of the perioperative 
anesthetic problems in the present series is, however, 
lower than in our previous series of patients with 
HLHS, partly through more aggressive use of the 
management techniques outlined above and partly 
through improvements in surgical technique. With 
this evolution, the hospital discharge rate after the 
initial palliative procedure in this once uniformly fatal 
form of congenital heart disease is now above 50% in 
several centers. At our institution, for example, hos- 
pital mortality for this procedure in all admitted neo- 
nates with HLHS was 24% (6 of 25) during the most 
recent period from January 1984 to July 1985 for a 
hospital discharge rate of 76%. Further improvements 
in anesthetic and surgical techniques for HLHS as well 
as future investigation into the control of PVR hope- 
fully will continue to improve survival in this popu- 
lation of otherwise normal babies. 


We thank Dr. William I. Norwood, MD, PhD, Professor of Surgery, 
University of Pennsylvania, who developed this procedure and 
many of the concepts expressed in this paper, for his continued 
help and inspiration. 
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Cardiac Dysrhythmias Induced by Infusion of Local Anesthetics 
into the Lateral Cerebral Ventricle of Cats 


James E. Heavner, DVM, PhD 


HEAVNER JE. Cardiac dysrhythmias induced by infusion 
of local anesthetics into the lateral cerebral ventricle of 
cats. Anesth Analg 1986;65:133-8. 


The hypothesis that neurogenically mediated cardiac ar- 
rhythmias can be induced by the intracerebroventrical (ICV) 
infusion of local anesthetic solutions was tested in 11 chron- 
ically prepared, unmedicated cats. Test substances were bu- 
pivacaine (0.1%), lidocaine (0.4%), procaine (0.4 or 0.8%), 
or saline (pH 5.8). Cats received one or more of the test 
substances with two or more days between infusions. Four 
cats were also given bupivacaine intravenously at 1.1 and 
1.4 mg/kg to help determine whether ECG changes after 
ICV injection of local anesthetic were due to direct cardiac 
action after systemic absorption. Total dose was 3.8—7.8 X 
the largest ICV dose (0.7 mg). No ventricular arrhythmias 


The report by Albright (1) of six incidents of cardio- 
vascular collapse from rapid injection of local anes- 
thetics stimulated considerable interest in the relative 
cardiovascular toxicity of this zroup of drugs. There 
is some evidence that bupivacaine and perhaps some 
other local anesthetics have unique cardiotoxic activ- 
ity. For instance, de Jong et al. (2) reported that sub- 
convulsant doses of bupivacaine and etidocaine can 
precipitate cardiac arrhythmias in cats, whereas li- 
docaine does not. 

Investigations aimed at identifying the mechanism 
of the cardiotoxicity have focused on the direct effects 
of local anesthetics on the heart (3—5). It is possible, 
however, that part of the cardiotoxic effects of local 
anesthetics are neurogenically mediated (i.e., alter 
neural control of heart rate or rhythm). Many drugs 
are known to have profound cardiovascular effects 
that are mediated by a neurogenic mechanism. Most 
notable are cardiac glycosides that can produce ven- 
tricular arrhythmias via a central nervous system ac- 
tion (6). 
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were observed after the ICV infusion of saline or with in- 
travenous doses of bupivacaine as large as 1.4 mg/kg. Only 
one of six cats given lidocaine ICV developed sustained, 
severe ventricular arrhythmias. Five of seven cats given ICV 
procaine developed ventricular arrhythmias. All ten cats 
given ICV bupivacaine developed ventricular arrhythmias. 
It is concluded that local anesthetics can produce neurogen- 
ically mediated ventricular arrhythmias in cats and that, of 
the three local anesthetics tested, bupivacaine is the most 
potent and effective and lidocaine is the least potent and 
effective. 


Key Words: ANESTHETICS, LtocaL—bupivacaine, 
lidocaine, procaine. HEART, ARRHYTHMIAS—local an- 
esthetics. TOXICITY—local anesthetics. 


In the study reported here, the hypothesis that 
local anesthetics can produce neurogenically me- 
diated ventricular arrhythmias was tested by infusing 
bupivacaine, lidocaine, procaine, and vehicle into the 
lateral cerebral ventricle of chronically prepared cats 
while arterial blood pressure, ECG, and EEG were 
monitored. 


Methods 


The NIH Guide for the Care and Use of Laboratory Animals 
was followed. Stainless steel cannulas (Harvard Ap- 
paratus, Newport Beach, CA) were placed into the 
right lateral cerebral ventricle of 11 healthy cats (an- 
terior 11.5 mm, lateral 3.0 mm, and ventral 7 mm (7)). 
Electrodes fashioned from stainless steel sewing ma- 
chine needles were also implanted into the skull of 
five cats for EEG recording and a cannula (PE90 tub- 
ing) in a femoral artery for blood pressure recording. 
The electrodes were soldered to a connector, and the 
connector and ventricular cannula were affixed to the 
skull with dental acrylic. The arterial cannula was 
tunneled under the skin and externalized at the back 
of the neck. Heparinized saline (1 USP unit/ml) was 
locked in the cannula by heat sealing the externalized 
end of the cannula. The animals were anesthetized 
with halothane for the surgical preparation then given 
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Figure 1. ECG before and after injection of bupivacaine 1.4 mg/kg 
intravenously. Nature and duration of ECG changes are shown on 
bottom trace. 


a week or more to recover from surgery before drug 
infusions were begun. 

Preparatory to intracerebroventricular (ICV) mfu- 
sion of test substances, cats were placed in canvas 
bags and needle electrodes were placed subderraally 
in the right forelimb and left hindlimb for recording 
lead II ECG. The arterial cannula was preparec for 
blood pressure recording by placing a Luer connector 
on the externalized end, which was then connected 
to a blood pressure transducer. A mating plug was 
attached to the connector fixed to the skull for =EG 
recording. The cap and stylus of the intracerebro- 
ventricular cannula were removed, and needle sock 
that fit snugly into the cannula was inserted thrcugh 
the cannula into the ventricle. Polyethylene tu»ing 
calibrated at 100 ul volumes and containing 35) pl 
test substance was attached to the needle stock. 

ECG was recorded on a polygraph in all cases, and 
when technically feasible, EEG and arterial blood were 
also recorded (e.g., arterial line patent). After control 
recordings were obtained from the unmedicated cats, 
a test substance was administered via gravity Jow 
from the PE tubing. Flow was controlled by a clamp 
on the end of the tubing and by raising or lowezing 
the tubing; no air was allowed to enter the ventr cle. 
Average infusion time was 22 sec. Test substances 
were bupivacaine HCI (0.1%), lidocaine HCl (0.296), 
procaine HCI (0.4 or 0.8%), or saline (pH 5.8). Local 
anesthetic solution was prepared by dissolving crys- 
talline salt in 0.9% NaCl solution. The mixture was 
then passed through a microbial filter into a sterile 
container. Aseptic technique was used for the ICV 


infusions. If arrhythmias were not produced by the 
initial infusion, repeat infusions were made at 5-min 
intervals until arrhythmias developed or until cu- 
mulative dose was judged to be excessive. At the 
beginning of the study, four cats were only given 
bupivacaine as an initial test of the hypothesis. Pos- 
itive results stimulated expansion of the study to com- 
pare the ability of various local anesthetics to produce 
neurogenically mediated cardiac arrhythmias. Ani- 
mals were allowed to recover two or more days be- 
tween infusions. 

Bupivacaine was infused in 100 ug or 300 ug in- 
crements at 5-min intervals. Procaine was infused in 
400 ug or 800 ug increments. Lidocaine was infused 
in 400 ug or 800 ug increments. Saline was infused 
in 100 ul or 300 ul increments. Appearance of CSF in 
the cannula hub when the stylus was removed and 
free-flow of test substance through the cannula were 
taken as evidence the infusions were made into the 
lateral ventricle. 

Four cats were also given bupivacaine intrave- 
nously to help determine whether ECG changes after 
ICV injection of local anesthetics were due to direct 
cardiac action after systemic absorption. A rapid in- 
travenous bolus of 1.1 mg/kg and 1.4 mg/kg was given 
with doses administered 4 days apart. Only ECG was 
recorded. Total dose of bupivacaine was from 2.64 mg 
to 5.46 mg. ECGs were evaluated for arrhythmias. 
Sinus tachycardia was not considered to be an 
arrhythmia. 


Results 
Intravenous Bupivacaine 


None of the four cats given 1.1 mg/kg or 1.4 mg/kg 
bupivacaine intravenously had grand mal seizures, 
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Table 1. Heart Rate Changes (beats/min)? 


Cat Saline Lidocaine 

A 35 130 200 
B 45 110 130 
C 80 30 20 
D 35 20 50 
E 60 70 
F 60 90 
G 20 50 40 
H 
I 
J 

K 

Mean (+ SD) 46(21) 67(44) 


*Heart rate after drug subtracted from control rate. 
*Could not be determined. 


Procaine 


86(62) 
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Bupivacaine intravenously 


Bupivacaine 1.1 mg/kg 1.4 mg/kg 
135 
145 
35 
130 ~15 <9 
25 5 5 
65 —10 —10 
130 
115 
110 
135 — 30 ý 
102(44)° —12(14) — 3(8) 


‘Significantly different (P < 0.005) from saline and intravenous bupivacaine values. 


and only brief ECG disturbances were observed. Within 
1-3 sec after the injections were finished, the T wave 
became elevated, QR amplitude decreased, and RS 
amplitude increased (Fig. 1), except in one case after 
1.4 mg/kg where all components of the ECG became 
markedly smaller. These ECG changes lasted from 4 
sec to 36 sec. Average heart rate change after 1.1 mg/kg 
and 1.4 mg/kg bupivacaine injection was — 12 and —3 
beats/min, respectively (Table 1). 


ICV Saline 


None of the six cats given ICV infusions of up to 900 
pl saline developed cardiac arrhythmias, nor were 
any noteworthy changes in EEG activity observed in 
the four instances in which EEG was monitored (Table 
2). Elevation in heart rate was seen in every animal 
after saline infusion. Average change was 46 beats/min 
(Table 1). Systolic blood pressure also rose from a 
baseline mean of 157 mm Hg (range 110-250) to an 
average maximum of 230 mm Hg (range 150—380) after 
saline infusion. 


ICV Lidocaine 


Only one of the six cats given lidocaine ICV developed 
sustained, severe ventricular arrhythmias (Table 2). 
Cumulative doses of up to 9.6 mg were given. Heart 
rate of all cats increased. Average change was 67 
beats/min (Table 1). Substantial increases in systolic 
blood pressure were noted in the two cats whose 
blood pressure was recorded; in one case it increased 
from baseline level of 150 mm Hg to a maximal level 
of 320 mm Hg. In the other case, it rose from 260 mm 
Hg to 400 mm Hg. The latter case involved the animal 


who developed AV block. The other cat did not de- 
velop an arrhythmia (Fig. 2). 


ICV Procaine 


Five of seven cats given ICV procaine developed ven- 
tricular arrhythmias (Table 2). Cumulative doses re- 
quired to produce these arrhythmias ranged from 
1.2-9.6 mg. None of the cats exhibited seizure activ- 
ity, and in four cases EEG recording revealed no pre- 
seizure or seizure activity. ' : 
Heart rate in all animals increased after procaine 
infusion. Average change was 86 beats/min (Table 1). 
Systolic blood pressure rose from 190 mm Hg to 320 
mm Hg (no arrhythmias) in one animal and from 270 
mm Hg to 450 mm Hg in another animal (1 PVC). 


ICV Bupivacaine 


oix cats were given 100 ug bupivacaine infusions at 
5-min intervals (Table 2). All developed ventricular 
arrhythmias including PVCs, bigeminy, quadrigem- 
iny, and ventricular tachycardia. Cumulative doses 
required to produce these arrhythmias were 200—700 
ug. Blood pressure was recorded in one of these cats; 
it rose from a baseline of 205 mm Hg systolic to greater 
than 270 mm Hg systolic after bupivacaine infusion. 
EEG in this cat revealed no seizure or preseizure ac- 
tivity, nor were behavioral signs of seizure activity 
observed in the other five cats. : 

All four cats given a single ICV infusion of 300 ug 
bupivacaine developed ventricular arrhythmias, in- 
cluding PCVs and ventricular tachycardia which lasted 
from 1 min 39 sec to 12 min 45 sec (Table 2; Figure 
3). Time to onset of arrhythmia ranged from 20 sec 
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Table 2. Duration of Arrhythmias 
Drug (dose in ug) 

Cat Bupivacaine P-ocaine Lidocaine Saline 

A 12 min 45 sec (300) 14 min (7400) 2 PVCs (2400) — (300) 

B 1 min 39 sec (300) — (24007 — (1200) — (300 x 3) 
C NT 3 min 3Z sec (800 x 2) — (400 x 4) — (100 x 9) 
D 3 min (100 x 3) 1 PVC (800 x 3) AV block after (400 x 9) — (100 x 6) 
E 37 sec (100 x 2) — (800 « 8) — (400 x 5) NT 

F 4 min (100 x 7Y 2 PVCs 400 x 3) NT — (100 x 8) 
G 16 sec (100 x 2} — (800 < 9y 2 min 24 sec (400 x 7) — (100 x 8) 
H 5 min 10 sec (300) NT NT NT 

I 9 min 40 sec (300) NT NT NT 

J 2 min 4 sec (100 x 6) NT NT NT 

K 7 min (100 x 7) NT NT NT 


Abbreviations: NT, not tested. 

“Stopped after 10 mg/kg pentobarbital intramuscularly. 
*1 min 23 sec after third x 100. 

‘After 800 x 9, 2400 PVC, Bigeminy, V Tach. 
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Figure 2. EEG, ECG, and blood pressure (BP) recording before and 
after ICV infusion of 1.2 mg lidocaine. Note the marked increase 
in heart rate and blood pressure but absence of ventricular 
arrhythmias. 


to 2 min 23 sec after infusion was completed. None 
of the cats exhibited behavioral or EEG signs œ seizure 
activity. 

Heart rate increased in all cats given ICV bupiva- 
caine. Average increase was 102 beats/min. Th& change 
was significantly different (P < 0.05; Studen 's t-test) 
from the changes after intravenous bupivacaine and 
ICV saline. Systolic blood pressure rose from an av- 
erage baseline value of 146 mm Hg (range 105-190) 
to a maximum of 294 mm Hg (range 235-230) after 
bupivacaine infusion. Signs of respiratory eribarrass- 


After 1.2 mg Lidocaine ICV 


ment were not observed after infusion of any of the 
drugs. 


Discussion 


These results show that bupivacaine, procaine, and 
lidocaine can produce ventricular arrhythmias when 
infused into the lateral cerebral ventricle of cats. Bu- 
pivacaine appears to be the most potent agent for this 
effect and lidocaine the least potent. Ventricular ar- 
rhythmias were consistently produced by bupiva- 
caine, whereas lidocaine produced sustained ventric- 
ular arrhythmias in only one cat. Animal-to-animal 
variation in dose of any one local anesthetic required 
to produce arrhythmias is probably due to a host of 
factors, including variability of cannula tip location 
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relative to the neural structure(s) that mediate the 
effect. 

Where ICV-infused local anesthetics act and how 
they act to produce ventricular arrhythmias are not 
known, nor are the distribution parameters of ICV 
:nfused local anesthetics defined. However, results of 
-his study support the conclusion that the arrhyth- 
nias are not due to direct effect of local anesthetic on 
:he heart because direct intravenous injection of bu- 
2ivacaine doses substantially greater than injected ICV 
produced benign and very transient ECG changes. 
Considering that approximately equipotent nerve 
conduction block doses served as the starting point 
for this study (8), the differences in arrhythmogenicity 
indicate that the local anesthetic action of the agents 
may not cause the arrhythmias. 

Perhaps there is similarity between the CNS effects 
of local anesthetics and cardiac glycosides. Digitalis- 
induced arrhythmias have been associated with in- 
creased norepinephrine turnover in the brain (9). 
Central œ, receptor mediation of the cardiotoxic ac- 
tions of digoxin has been proposed (10). Plunkett and 
Tackett (10) suggested that central Na*-K* ATPase 
inhibition by the cardiac glycosides may trigger neu- 
rotransmitter release in the CNS resulting in a; re- 
ceptor activation. 

Han and Moe (11) demonstrated that excitation of 
the sympathetic nerves to the heart in dogs can in- 
crease dispersion and nonuniformity of the ventric- 
ular refractory period and predispose the heart to ven- 
tricular fibrillation. Direct electrical stimulation of the 
ventromedial hypothalamus, the reticular formation, 
or central gray substance of the midbrain results in 


Figure 3. EEG, ECG, and BP recording before and after ICV in- 
fusion of 300 ug bupivacaine. Note premature ventricular contrac- 
tions with no corresponding pulse pressure, and elevated blood 
pressure. 


sympathetically mediated elevation of blood pressure 
and arrhythmias (12). 

In humans and dogs, lidocaine (1-2 mg/kg intra- 
venously) increases arterial pressure (13). The in- 
crease is due to increased contractile force of the heart 
or to an increased cardiac output via a lidocaine action 
on the brain. Both sympathetic and vagal pathways 
are involved. Chinn et al. (14) demonstrated that ICV 
injection of 300-1000 ug lidocaine in urethane-im- 
mobilized rats produced variable responses including 
pure pressor, pure depressor, and biphasic re- 
sponses. These findings, coupled with my observa- 
tions, indicate possible different mechanisms for the 
hypertensive action of ICV-administered local anes- 
thetics and the arrhythmogenic action. However, there 
apparently is a positive correlation between the ability 
of ICV-infused local anesthetics to increase heart rate 
and to cause ventricular arrhythmias. It is possible 
that the rapid heart rate limits coronary perfusion 
thereby producing hypoxia induced arrhythmias. 

Nontoxic doses of bupivacaine (2 mg/min for 3 hr) 
have been shown to produce similar cardiovascular 
changes in humans as does 1-2 mg/kg lidocaine (15). 
The investigators concluded, however, that the effects 
are probably caused mainly by a direct effect of bu- 
pivacaine on the cardiovascular system, because only 
quantitatively minor changes in plasma catechol- 
amines and other endocrine metabolic parameters were 
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observed. These findings, however, do not rule out 
the possibility of autonomic nervous system irvolve- 
ment in the arrhythmogenic (cardiotoxic) effects of 
local anesthetics. 

In summary, results of this study show thet ICV- 
administered local anesthetics can produce carciac ar- 
rhythmias in cats via a neurogenic mechanism. Po- 
tency and efficacy for the effect varied among the 
drugs tested; bupivacaine was the most potent and 
effective and lidocaine was the least potent and ef- 
fective. Further study is needed to determine what 
role, if any, this property of local anesthetics p ays in 
toxic cardiovascular responses to these drugs ob- 
served clinically. 
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Although it is generally believed that concentrations of local 
anesthetic in maternal plasma do not reach levels that affect 
the fetus after spinal anesthesia, there are few studies that 
have measured drug levels in either maternal or neonatal 
plasma after spinal anesthesia. The purpose of this study 
was to document the disposition of lidocaine in mother, 
fetus, and neonate after spinal anesthesia using gas chro- 
matographiclmass spectrometric measurement of lidocaine 
and two metabolites of lidocaine. Plasma concentration time 
curves, fetal/maternal ratios, cord artery/cord vein ratios, 


According to US national statistics (1,2), spinal anes- 
thesia remains the preferred regional anesthetic tech- 
nique for cesarean section. Because small quantities 
of local anesthetics are used for spinal anesthesia and 
the rates of drug absorption from the subarachnoid 
space are slow, it has been assumed that maternal 
blood levels are low or nondetectable (2). Further- 
more, low maternal levels would mean that little of 
the local anesthetic agent would cross the placenta 
and reach the fetus (2). However, these concepts are 
theoretical because maternal, fetal, or neonatal levels 
of local anesthetics after spinal anesthesia have not 
been published widely. 

Even though spinal anesthesia has been used for 


Presented in part at the 1985 Meeting o: the Society for Obstetric 
Anesthesia and Perinatology. Washington DC, May, 1985. 

Supported in part by NIH USPHS grant 5MO1-RR-00210. 

Received from the Departments of Obstetrics and Gynecology 
and Anesthesiology, Cleveland Metropolitan General Hospital, and 
the Perinatal Clinical Research Center of Case Western Reserve 
University, Cleveland, Ohio. Accepted for publication August 4, 
1985. 

Address correspondence to Dr. B. Kuanert, Cleveland Metro- 
palitan General Hospital, Department Ob/Gyn, 3395 Scranton Road, 
Cleveland, OH 44109. 


€ 1986 by the International Anesthesia Research Society 


and neonatal urine levels were determined in ten patients. 
The results document that lidocaine is present in maternal 
and neonatal plasma. Mean (+ SD) maternal plasma levels 
(0.65 + 0.52 pg/ml) were significantly lower than those 
previously reported after epidural anesthesia (2.09 + 1.31 
ugiml). Fetallmaternal plasma concentration ratios aver- 
aged 0.37 + 0.2 and mean cord arterialicord venous ratios 
0.5 + 6.7. Lidocaine and its metabolites were present in 
neonatal urine for longer than 36 hr. This study demon- 
strates that spinal anesthesia with lidocaine results in neo- 
natal exposure to lidocaine. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 
ANESTHESIA—obstetric. ANESTHETICS, LOCAL— 
lidocaine. 


over 85 years, it was not until 1979 that Giasi et al. 
measured blood levels of local anesthetics after spinal 
anesthesia (3). The authors found, in nonpregnant 
subjects, that peak plasma levels of lidocaine after 
injection into the lumbar subarachnoid space were no 
different than when an equal amount of lidocaine was 
injected into the lumbar epidural space. Although blood 
levels were achieved more rapidly with epidural than 
with spinal anesthesia, there was no statistically sig- 
nificant difference in the maximum plasma concen- 
trations achieved. Giasi's work has been repeated re- 
cently in other nonpregnant subjects with similar 
findings (4,5). These reports suggested that similar 
findings would be observed in obstetric patients and 
that placental transfer would occur after spinal anes- 
thesia, especially because lidocaine as well as its two 
active metabolites are known io reach the infant (7). 
In 1980, Datta et al. reported detectable levels of lid- 
ocaine in both maternal and fetal plasma at delivery 
after subarachnoid injection (6). 

The purpose of this study was to document the 
disposition of lidocaine and two of its metabolites in 
maternal, fetal, and neonatal plasma and neonatal 
urine after spinal anesthesia for delivery and to com- 
pare these data with those previously obtained from 
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Table 1. Characteristics of the Maternal Study Popur ation 








Maternal characteristics Mean + SD Range 

Age (yr) 22.7 + 3.4 -9-29 
Parity 

Nulliparous 0 

Multiparous 10 
Delivery Method 

Primary cesarean 2 

Repeat cesarean 8 
Intrapartum anesthesia 

Total mg lidocaine in 7.5% dextrose 78.5 + 12.3 50-100 

Anesthesia-delivery interval (min) 6.6 + 0.8 15-18 
Complications 

Weight « 100 Ib 1 

Weight > 200 Ib 1 

Heavy smoking 2 


"One breech, one midpelvis distortion secondary to auto accicent. 


this laboratory (7) after epidural anesthesia had been 
given. 


Materials and Methods 


Subject Population and Administration 
of Anesthesia 


Ten pregnant women and their infants were studied 
after delivery by elective cesarean section. To cualify, 
the patients had to be classified as ASA categories I 
or II. The clinical characteristics of the mothers and 
neonates and the amount of drug and timing cf anes- 
thesia are shown in Tables 1 and 2. This study was 
approved by the Human Investigation Commattee of 
Cleveland Metropolitan General Hospital, end in- 
formed consent was obtained from each patzent be- 
fore inclusion in the study. 

Preoperatively, the patients were given proohylac- 
tic antacids (oral Mylanta 30 ml) and hydrated with 
1000—2000 ml lactated Ringer's solution or normal sa- 
line. Subcutaneous injection of 2-chloroprocame (1-2 
ml of 1%) was used to numb the skin prior so dural 
puncture. Sixty to 100 mg of 5% lidocaine wih 7.5% 
dextrose was then injected into the subarachno d space 
after dural puncture with a 25-gauge needle at the 
L2-3 or L3-4 interspace and the patients immediately 
placed in the supine position with left lateral dis- 
placement of the uterus. This provided a level of anes- 
thesia to approximately T4. Only one patient was given 
lidocaine with epinephrine (0.2 ml, 1:1000). All pa- 
tients received supplemental oxygen via nasal can- 
nula. All of the women underwent scheduled cesar- 
ean sections at what was considered to Le term, 
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Table 2. Characteristics of the Neonatal Study Population 


Neonatal characteristics Mean zx SD Range 
Number of infants 10 
Gestational age (weeks) 39.9 + 2.3 36-42 
Birthweight 3135 + 388 2360-3650 
Apgar score < 7 

1 min 1 

5 min 0 
Cord venous pH 7.305 + 0.06 7.195—-7.410 
Cord arterial pH 7.264 + 0.07 7.113—-7.384 
Complications 

< 37 weeks gestation 3 

Large for gestational age 1 


although three infants were found to be 36 weeks of 
gestational age by Dubowitz examination (8). All in- 
fants were delivered within 15-18 min after induction 
of spinal anesthesia. One infant had a 1-min Apgar 
score of four, which was the only low Apgar score in 
the study. This infant had a cord vein pH of 7.32. At 
delivery, two infants (both 36 weeks) had cord vein 
pH values less than 7.25. However, both had Apgar 
scores of 7 or better at 1 min. In all three cases, the 
mothers had had hypotension corrected with ephed- 
rine prior to delivery. There were no differences in 
the fetal: maternal plasma concentration ratios of lido- 
caine in these three infants. All infants were healthy 
and were discharged from the hospital with their 
mothers. 


Sample Collection 


Maternal peripheral venous blood samples (3 ml) were 
collected from an indwelling cannula in the arm op- 
posite to that with intravenous infusion before and 
1, 3, 5, 7, 10, 15, and 20 min after subarachnoid in- 
jection or until delivery and then every 30 min until 
2-3 hr had elapsed since injection. A maternal venous 
sample was also obtained coincident with clamping 
of the infant's cord. All samples were drawn into 
heparinized tubes and immediately placed on ice. The 
plasma was removed after centrifugation and frozen 
until assayed by gas chromatography/mass spectrom- 
etry (GC-MS). Neonatal blood samples obtained at 
birth from a doubly clamped section of umbilical cord 
and again 24 and 48 hr after delivery by either heel 
stick or venipuncture were obtained and handled in 
the same manner as maternal blood samples. 

Six consecutive 6-hr samples of neonatal urine were 
collected after delivery in plastic urine collection bags 
(Hollister Newborn U-bag). Neonatal urine collec- 
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tions were stopped if signs of skin irritation occurred. 
All urine samples were frozen until analyzed. 


Sample Analysis 


Lidocaine and the two pharmacologically active me- 
tabolites produced by successive dealkylation—mono- 
ethylglycinexylidide (MEGX) and glycinexylidide (GX) 
were determined in plasma and urine using the method 
of Hignite et al. (9) with a Hewlett-Packard 5995A 
quadrupole table-top mass spectrometer interfaced to 
the gas chromatograph with a glass jet separator (7). 
A 1.3 m x 2 mm inner diameter AW DMCS treated 
glass column packed with 3% OV-1-OV-17 (6:1) coated 
on an 80-100 mesh Supelcoport (Supelco, Bellefonte, 
PA) was used. The instrument conditions include a 
carrier gas flow rate of 20 ml/min, an injection port 
temperature of 250°C and an oven temperature pro- 
grammed from 176°C (0 min) at 14°C/min to 220°C (0.5 
min); and the entire run time was 3.6 min. The mass 
spectrometer was autotuned at mass/charge ratio (m/z) 
100. Standard curves were prepared and the samples 
quantitated using the Hewlett-Packard software for 
automatic quantitation of selected ion monitoring data 
by area normalization on m/z 86 (for lidocaine), m/z 
100 (for MEGX), and m/z 114 (for GX and the internal 
standard, W-12174) (7). 


Pharmacokinetic Analysis 


Semilogarithmic plots of levels of lidocaine and its 
metabolites in maternal plasma were obtained by plot- 
ting concentrations of drugs in maternal plasma against 
minutes after the injection of lidocaine. Fetal: 
maternal plasma concentration ratios were calculated 
by dividing the amount of lidocaine and metabolites 
in cord venous plasma at birth by the amount in ma- 
ternal venous plasma at birth. The ratios between cord 
arterial and cord venous lidocaine concentration were 
obtained by dividing the concentrations at delivery in 
the cord arterial blood by those found in the cord 
venous blood. Linear plots showing urinary levels of 
lidocaine and two active metabolites, MEGX and GX, 
as a function of time were also constructed. Urinary 
levels of drug or metabolite data were expressed as 
pg/ml urine. 


Statistical Analysis 


Student's t-tests were used to compare levels of lido- 
caine in maternal venous, cord venous, and cord ar- 
terial plasma after spinal or epidural anesthesia. Sig- 
nificance was accepted at P « 0.05. 
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Figure 1. Maternal plasma lidocaine and MEGX levels after spinal 
anesthesia for delivery. 


Results 
Lidocaine and Metabolite Levels in Maternal Plasma 


Figure 1 is a representative plasma concentration- 
time profile of lidocaine and MEGX after spinal anes- 
thesia; GX was not detectable. Seventy-five mg of 
lidocaine was administered to this parturient. Lido- 
caine was detectable in plasma immediately thereafter 
and slowly increased in amount until a peak level was 
reached 16 min after administration that was main- 
tained for several hours after delivery. In this case, 
the metabolite MEGX was detectable within 15 min 
and then increased rapidly, followed by a slow but 
steady increase for several hours. In four of the moth- 
ers, MEGX was not detectable in plasma until after 
delivery. GX was rarely detectable in any maternal 
plasma samples during the study period. 

Mean levels of lidocaine in maternal plasma at de- 
livery are shown in Table 3, along with the ranges of 
values. All but three of the levels were between 0.422 
and 0.780 ug/ml. One patient who received only 60 
mg of lidocaine and the one patient who was given 
lidocaine with epinephrine had lower levels of 0.101 
and 0.267 ug/ml, respectively. One patient, who re- 
ceived 100 mg of lidocaine, had a plasma lidocaine 
level at delivery of 2.02 ug/ml. 

Maternal levels of MEGX at delivery ranged from 
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Table 3. Lidocaine Concentrations in Maternal and Fetal 
Plasma at Delivery (ug/ml) 





Lidocaine 
Mean + SD Lange 

Maternal venous plasma 0.65 + 0.52 0.70-2.02 
Fetal plasma 

Cord vein 0.20 + 0.12 0.29-0.48 

Cord artery 0.08 + 0.06 0.20-0.22 

Cord artery/cord vein 0.50 + 0.27 0.4—0.96 

Cord vein/maternal vein 0.37 + 0.19 0.20-0.84 


0 to 0.32 ug/ml with a mean of 0.011 + 0.014 «g/ml. 
Both lidocaine and MEGX were usually detecteble in 
maternal plasma for at least 24 hr. GX was not de- 
tectable until after delivery and only trace levels were 
apparent thereafter. 


Fetal and Neonatal Plasma Levels 


At delivery all cord venous and arterial samples had 
detectable lidocaine concentrations. Mean leves and 
range of values are shown in Table 3. Cord arterz/cord 
vein ratios as high as 0.96 were found. After deivery, 
50% of the neonates had detectable plasma levels of 
lidocaine and/or MEGX for 48 hr or longer; two infants 
had detectable plasma levels of GX. 

At delivery, all cord venous samples had detectable 
MEGX concentrations, but not all of the cord arterial 
samples did. Mean MEGX levels and range of 7alues 
are shown in Table 4. In those cases where LAÁEGX 
was detectable in both cord arterial and venous blood, 
the cord arterial/venous ratio was usually greater than 
one. Furthermore, the cord venous/maternal v2nous 
ratio was usually greater than one. GX was not de- 
tectable in fetal plasma at delivery. 


Neonatal Urine Levels 


Twenty-eight urine samples were collected from nine 
infants. No complete 36-hr collections were obtained. 
Data from the urine samples that were obtained in- 
dicate that lidocaine, MEGX, and GX are detectable 
in neonatal urine for at least 36 hr after spinal anes- 
thesia (Fig. 2). The amount of lidocaine excreted in 
urine decreased rapidly 12 hr after delivery, whereas 
the levels of MEGX increased during the first 12 hr 
and were sustained during the 36-hr collection period. 
Very low levels of GX were noted initially; thes? dou- 
bled after 18 hr of life. Levels of all three compounds 
at 36 hr of age suggested that excretion would con- 
tinue for at least 72 hr. 
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Table 4. MEGX Concentrations in Maternal and Fetal 
Plasma at Delivery (ng/ml) 


MEGX 
Mean + SD Range 
Maternal plasma 11 + 14 0-32 
Fetal plasma 
Cord vein 1825.2 0-72 
Cord artery 175.3 0-86 
Cord artery/cord vein’ 22+ 2.4 0.24—-6.5 
Cord vein/maternal vein’ 5,7 59 0.6—14.4 
^n = 6. 
Discussion 


The purpose of this study was to describe the dis- 
position of lidocaine in mother, fetus, and neonate 
after lidocaine spinal anesthesia for cesarean section. 
The key finding is that lidocaine rapidly crosses the 
placenta and reaches the fetus. This transplacental 
passage occurs despite injection of only small doses 
of lidocaine into the subarachnoid space and short 
drug-to-delivery intervals. 

We are aware of only one other study of lidocaine 
levels after spinal anesthesia in obstetric patients or 
neonates with which to compare this study (6). There- 
fore, comparisons are also made with studies of non- 
pregnant subjects (3) and obstetric patients after epi- 
dural anesthesia (7). 

Datta et al. first reported lidocaine levels in mater- 
nal and cord venous plasma at delivery (6). The mean 
levels of lidocaine reported by Datta et al. in maternal 
venous plasma, cord venous plasma, and cord arterial 
plasma (0.63, 0.17, and 0.11 ug/ml, respectively) are 
almost identical to those in the present study. Fur- 
thermore, the previous study reported a fetal/ 
maternal plasma concentration of 0.40, whereas in the 
present study the value was 0.37. The agreement be- 
tween the two studies is excellent. However, the ear- 
lier study is incomplete because Datta et al. confined 
their study to samples obtained only at delivery. They 
did not quantitate lidocaine metabolites and they did 
not determine drug levels in neonatal urine. 

Several of the findings of this study are comparable 
to those in nonpregnant subjects published recently 
by Giasi et al. (3). They found peak levels of lidocaine 
at 15 min after injection into the subarachnoid space. 
In the present study, the peaks occurred 16-18 min 
after injection. The shape of the plasma concentra- 
tion-time profiles in the study of Giasi et al. is also 
very similar to ours. However, there are also differ- 
ences between the two studies. For example, Giasi et 
al. did not quantitate MEGX or monitor plasma levels 
of lidocaine beyond 30 min. Furthermore, mean peak 
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Figure 2. Neonatal excretion of lidocaine, MEGX and GX for 36 hr 
(mean + SEM). 


lidocaine levels reported by Giasi et al. of 0.32 + 0.07 
ug/ml are lower, but within the range of the 0.64 + 
0.52 ug/ml found in the present study. This may be 
due to the differences in analytical techniques used 
to measure lidocaine or to the fact that our patients 
were pregnant. Vascular absorption of local anes- 
thetics injected into the subarachnoid space is thought 
to occur from the subarachnoid space, the epidural 
space, and the spinal cord itself (10). During preg- 
nancy, increased intraabdominal pressure causes ve- 
nous engorgement, particularly in the epidural space 
(Z). This results in decreased epidural space volume 
and possible decreased volume of cerebral spinal fluid 
in the subarachnoid space. These changes could ac- 
count for the increased plasma levels that were noted 
in the present study and by Datta et al. (6). 

It is known that lidocaine as well as its two me- 
tabolites reach the infant after epidural anesthesia and 
that lidocaine appears in maternal plasma within 1 
min (7). The primary metabolite of lidocaine, MEGX, 
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Figure 3. Comparison of plasma lidocaine levels at delivery after 
spinal or epidural anesthesia. The asterisk refers to previous study 
results (7). 


appears within 10 min and its secondary metabolite, 
GX, within 45 min. Fetal/maternal venous concentra- 
tion ratios are 0.66, 1.45, and 1.03, respectively, for 
lidocaine MEGX and GX after cesarean section per- 
formed under epidural lidocaine anesthesia. Postpar- 
tum, the infant excretes all three compounds for at 
least 72 hr. On a mg drug/ug creatinine basis, the 
infant excretes more lidocaine and lidocaine metab- 
olites than does the mother. The present study is the 
first to provide comparable data for disposition of 
lidocaine after spinal anesthesia. 

In the present study, mean maternal lidocaine lev- 
els were one-third those found after the higher doses 
of lidocaine used for epidural anesthesia (7). Figure 
3 compares the dosages and levels of lidocaine found 
after spinal anesthesia in the present study with those 
reported previously after epidural anesthesia had been 
administered (7). This difference is statistically sig- 
nificant at P « 0.05. Mean cord venous levels of lido- 
caine are one-quarter or one-eighth those found after 
epidural anesthesia for vaginal delivery or cesarean 
section, respectively, and cord arterial levels are also 
much lower (7). These comparisons are also shown 
on Figure 3, and the differences are statistically sig- 
nificant at P « 0.05. Mean plasma MEGX levels at 
delivery (not shown) were one-tenth those found pre- 
viously after epidural anesthesia for cesarean section 
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(7). This is probably due to the shorter time interval 
between administration of the parent drug and deliv- 
ery in the present study. The excretion pattern of 
lidocaine and MEGX was similar to what has been 
reported previously after epidural anesthesia hac been 
administered (7). 

It has been the general impression that concentra- 
tions of local anesthetics in maternal plasma never 
reach a level that could possibly affect the fetus after 
spinal anesthesia (2). In general, however, mean plasma 
levels are much lower than those reported previously 
after epidural anesthesia had been given (7), but in- 
dividual mothers may have plasma levels comparable 
to those seen after epidural anesthesia for cesarean 
section despite the lower doses and shorter drug-to- 
delivery intervals with spinal anesthesia. Blood levels 
are also achieved more slowly after spinal anes-hesia. 
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alfentanil applied to the spinal cord and intravenous 
alfentanil on noxiously evoked activity of dorsal horn 
neurons in the cat spinal cord. Anesth Analg 
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The purpose of this study was to examine the effects of 
alfentanil applied to the surface of the spinal cord and the 
effects of intravenously administered alfentanil on noxiously 
evoked activity of dorsal horn neurons. Extracellular single 
neuron recordings were obtained from wide dynamic range 
neurons in 26 decerebrate cats with transected spinal cords. 
Spinally administered alfentanil, 25 ug or 50 ug, caused 
36 and 86% suppression of noxiously evoked activity, re- 
spectively. Maximum mean suppression was achieved at 24 
and 21 min after 25 ug and 50 ug, respectively. Intravenous 


The development of intrathecal or epidural opiate 
administration provided the clinician with another 
important pain relieving technique. More impor- 
tantly, it greatly enhanced our awareness of the im- 
portance of spinal cord pharmacology. As our un- 
derstanding of spinal cord pharmacology increases, 
the great differences in the timing of drug action 
produced when drugs are administered near the spinal 
cord become apparent. As pointed out in a recent 
review of the intrathecal and epidural administration 
of opioids (1), the time course associated with those 
routes of administration is very different from that 
seen after systemic drug administration. This should 
be especially true for a drug like alfentanil that is 
unique among opiates of potential usefulness for in- 
trathecal or epidural administration because of its ki- 
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naloxone, 0.1 mg, when tested, completely reversed the 
suppression. Spontaneous recovery to control values oc- 
curred within 2 hr. Intravenously administered alfentanil, 
12.5 uglkg-or 25 pgikg; produced: suppression of 43 and 
89%, respectively, with maximum mean suppression ob- 
served at the 6- and 3-min time points, respectively. Com- 
plete recovery after intravenous administration was seen 
within 30 min. This study, using a sensitive neurophy- 
siologic assay, demonstrates the important differences in 
onset and duration of drug effects that must be considered 
when comparing the responses of spinal cord neurons to 
intravenously administered narcotics and narcotics applied 
directly to the surface of the spinal cord. 


Key Words: ANALGESICS—alfentanil. SPINAL 


CORD—effects of narcotics. 


netics after systemic administration (2). Alfentanil has 
a relatively small volume of distribution; combined 
with its clearance, this accounts for its short duration 
of action after systemic administration. These char- 


acteristics,.as-well.as-alfentanil's. lipid solubility..and_... 


potency that are greater than morphine, may be de- 
sirable in certain situations where spinal opioid an- 
algesia is needed. This study was conducted in order 
to demonstrate, using a sensitive neurophysiologic 
assay, the great difference in onset and duration of 
action seen when alfentanil is placed at the spinal cord 
rather than administered intravenously. Spinal 
administration, as used in this study, involved the 
direct placement of drug onto the surface of the spinal 
cord (dura mater opened, pia mater and arachnoid 
intact) in the region from which electrical activity was 
being recorded. This technique approximates drug 
placement after spinal intrathecal administration. 


Methods 


All relevant institutional, state, and federal guidelines 
concerning the use of laboratory animals in research 
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were followed in this study. Twenty-six cats of either 
sex weighing 2.5—4.5 kg were prepared for electro- 
physiologic experiments. Under halothane, nzrous 
oxide, and oxygen anesthesia, a tracheostomy was 
performed. The animals were artificially ventlated 
after paralysis with gallamine administered via en ex- 
ternal jugular vein catheter. One of the carotid ar-eries 
was catheterized to permit monitoring of arterial 5lood 
pressure. The animals were rendered decerebrete by 
electrolytic lesions in the midbrain reticular forma- 
tion, and anesthesia was discontinued. The spinal 
cord was transected at 1-12 in order to remov2 su- 
praspinal effects on the neurons under study. A lam- 
inectomy was performed from the L-4 througa the 
L-6 spinous processes, exposing the lumbar spinal 
cord. The dura mater was incised and reflected. and 
the spinal cord was bathed in 37°C physiologic saline. 
Blood pressure, body temperature, and end-tidal Pco, 
were monitored and maintained within normal limits. 
. After surgical preparation and a minimum o^ 2 hr 
after the erid of anesthesia, a tungsten microelecirode 
was advanced into the dorsal horn of the spina. cord 
in order to obtain extracellular recordings of electrical 
activity from single wide dynamic range (WDR? neu- 
rons. Identification of neuron type was based upon 
the depth of the microelectrode and characteris“ic re- 
sponses of the cell to the following stimuli: air puff, 
light touch with a camel hair brush, pinch wita for- 
ceps, noxious radiant heat. A typical WDR neuron 
would demonstrate increased firing frequency -o in- 
creasing intensity of stimulation with maximum re- 
sponse to a noxious stimulus, 

After isolation and characterization of a single WDR 
neuron, control noxious stimuli (51°C radiant heat, 
8-sec duration) were focused on the center of the cell’s 
receptive field (only cells with receptive fields cn the 
glabrous skin of the hindpaw were studied). Ncxious 
stimuli were repeated every 3 min (control studies 
demonstrated no sensitization or fatiguing of tne re- 
sponse). Only noxiously evoked activity was studied. 
In each animal, only one cell, one route of adminis- 
tration, and one dose of drug was evaluated. E fteen 
animals were used for spinal administration, 11 ani- 
mals for intravenous administration. 


Spinal Administration 


After control studies, the normal saline that had Eathed 
the spinal cord was carefully removed and replaced 
by the drug solution. The drug solution (25 ug (n — 
6) or 50 ug (n — 9) of alfentanil in 0.5 ml of saline) 
was gently dropped onto the surface of the spinal 
cord through a 27-gauge needle. The dura mater and 
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Figure 1. Effects of 50 ug of spinally administered alfentanil on the 
evoked activity of a single WDR neuron. The lower plots are po- 
lygraph tracings of the skin temperature at the center of the re- 
ceptive field. The upper plots show the evoked activity recorded 
extracellularly at various times before and after drug administra- 
tion. Neuronal activity is expressed as impulses/sec. The effect of 
intravenously administered naloxone, 0.1 mg, is also shown in this 
figure. ; 


bone had been prepared so that they formed a natural 
trough that kept the drug solution on the spinal cord 
while simultaneously keeping it away from the ex- 
posed muscle. The spinal cord was carefully watched, 
and if the level of fluid in the cord decreased, allowing 
exposure to air, additional drug-free saline was applied. | 

Subsequent to spinal alfentanil administration, 
spontaneous and evoked activity were recorded every 
3 min for a minimum of 30 min. In two cats, naloxone, 
0.1 mg, was given intravenously at 31 min after al- 
fentanil administration. In all other animals, spon- 
taneous recovery from alfentanil suppression was ob- 
served for as long as possible. 


Intravenous Administration 


Alfentanil, 12.5 ug/kg (n = 5) or 25 ug/kg (n = 6) 
(one cell and one dose of drug per animal) was given 
intravenously over 1 min after control studies. Spon- 
taneous and evoked activity were then recorded every 
3 min for a minimum of 30 min. Because of the rapid 
recovery after intravenous alfentanil, naloxone rever- 
sal was not studied. 


Data Analysis 


Amplitude discrimination was used to electronically 
isolate the activity of each WDR neuron. The digital 
output of the amplitude discriminator was integrated 
and recorded on a polygraph along with an analog 
representation of skin temperature at the center of 
each cell's receptive field. The analog temperature 
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Figure 2. The time course of suppression of a single WDR neuron 
caused by 50 ug of spinal alfentanil. The abscissa represents time 
and the ordinate, neuronal firing rate expressed as impulses/sec. 


Complete recovery was observed approximately 2 hr after alfentanil 
administration. 


data were converted to a digital signal and, along with 
the amplitude discriminator output, stored in a DEC 
PDP 11/40 computer. Data were also recorded on mag- 
netic tape. Markers representing stimulus on and off 
times were also recorded. On-line data analysis was 
used to monitor progress during an experiment. All 
data analysis reported in this paper was computed 
off-line using a series of software programs developed 
in-house. The period of stimulus-evoked activity of 
each neuron in the control state was determined by 
the off-line analysis using the following criteria. The 
spontaneous rate 30 sec prior to stimulus onset was 
calculated. Subsequent to the end of the stimulus, the 
time at which the firing rate had returned to within 
10% of the prestimulus control was determined. That 
point in time was considered to be the end of stim- 
ulus-evoked activity. The period of time from stim- 
ulus onset until return of activity to within 1096 of pre- 
stimulus control was considered to be the period of 
evoked activity. That period was determined for each 
neuron and used to normalize tne evoked activity of 
each neuron. Thus, a time normalized measure of 
evoked activity was available for each stimulus 
presentation. 

Because of the nature of the data, statistical sig- 
nificance was determined by Student's t-test. Two 
things were done in order to avoid the problems of 
repeated f-tests (increased a, type I error). Only P 
values of less than 0.01, rather than 0.05, were con- 
sidered significant, and a maximum of five tests were 
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Figure 3. The effects of 50 ug of spinally administered alfentanil 
on the mean noxiously evoked activity of all neurons studied. The 
mean evoked activity is expressed as percent of control. The bars 
indicate +1 sb. The numbers by the plotted points indicate the 
number of the cells studied at each time point. The dotted line at 
30 min represents naloxone-induced reversal of neuronal activity. 


performed on any data set. These steps assured that 
type I error would be no greater than if ANOVA and 
appropriate post hoc comparisons were used. 


Results 


Both spinally and intravenously administered alfen- 
tanil suppressed noxiously evoked activity of all the 
WDR neurons studied. 


Spinal Administration 


The effect of 50 ug of spinally administered alfentanil 
on the neuronal activity of an individual WDR neuron 
is shown in Figure 1. During control, the presentation 
of a 51°C stimulus for 8 sec caused a noticeable acti- 
vation of this neuron. Six minutes after the spinal 
administration of 50 ug of alfentanil, the evoked ac- 
tivity was significantly reduced to 67% of control, and, 
at 30 min, it had been further reduced to 36% of con- 
trol. This figure also shows the effects of 0.1 mg of 
intravenously administered naloxone on the alfen- 
tanil suppression. At 31 min after alfentanil admin- 
istration, naloxone, 0.1 mg, was injected intrave- 
nously. Three minutes after naloxone administration, 
the evoked activity had returned to predrug control 
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Table 1. Summary of Effects of Low-Dose Spinal (25 ug) 
and Low-Dose Intravenous (12.5 g/kg) Alfentanil 5n 


Mean Noxiously Evoked Activity of WDR Neurons 


Time After Drug Administration. 


6min 12min 18min 24min 30 min 

12.5 pg/kg 57 +11 8+4 93-5 9%210 4+11 
intravenous 

25 Hg spinal 82 + 10 74 + 13 69 + 14 75 + 17 £44 22 


“Numbers are percent of control + sp. 


values, although the shape of the response was not 
the same as in the control situation. 

Figure 2 shows the time course of suppression 
caused by 50 ug of spinally administered alfentanil 
and spontaneous recovery from the alfentanil effect 
for a single WDR neuron. Just after drug admmistra- 
tion, the evoked activity began to decrease wita max- 
imum suppression occurring 30 min after spmal al- 
fentanil administration. The evoked activity gradually 
recovered spontaneously until approximately 2 hr after 
drug administration, when the firing frequency of the 
neuron had returned to the predrug control value. 

Figure 3 shows the effects of spinally admin:cstered 
alfentanil on the mean evoked activity of all tre cells 
studied after 50 ug of spinally administered alfeatanil. 
Significant suppression began within 3 min after drug 
administration. The maximum mean suppressien was 
8670 at 24 min. The reversal of this suppresson by 
0.1 mg of intravenously administered naloxone is 
shown in Figure 3 as a dotted line. This nal»xone- 
induced recovery is in contrast to the concinued 
suppression of the cells that were not given nal»xone. 

Table 1 contains a summary of the effects of the 
lower doses of spinal (25 ug) and intravenous (12.5 
g/kg) alfentanil on the neurons studied. The effects 
of 25 ug of spinally administered alfentanil were less 
than those produced by the 50-ug dose. The maxi- 
mum mean suppression to 63% of control at 24 min 
after drug administration was significantly less than 
the maximum suppression produced by the higher 
dose. 


Intravenous Administration 


Figure 4 represents, for a single WDR neurcn, the 
time course of suppression of the noxiously evoked 
activity and recovery after intravenous alfentanil 
administration. The mean effects of 25 ug/kg of in- 
travenously administered alfentanil on all the n2urons 
studied are shown in Figure 5. Maximum suppression 
occurred within 3 min, and the activity of the n2urons 
returned to contro] values within 30 min. The 25- 
ug/kg dose produced a significantly greater level of 
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Figure 4. The time course of an intravenously administered dose 
of 25 ug/kg of alfentanil on a single WDR neuron. The abscissa 
represents time and the ordinate, neuronal firing rate expressed as 
impulses/sec. 


suppression than did the 12.5-ug/kg dose. After the 
12.5-ug/kg dose, a maximum suppression to 57% of 
control was seen at 6 min. 

A comparison of Figures 3 and 5 or Figures 2 and 
4 demonstrates the clear difference in onset and du- 
ration of effect that resulted from the different routes 
of drug administration. 


Discussion 


Alfentanil has been shown, in animal models, to be 
capable of producing analgesia when administered 
into the spinal intrathecal space (3). Thus its ability 
to suppress noxiously evoked activity of WDR neu- 
rons would be predicted. The time course and degree 
of suppression reported in the present study compare 
favorably with earlier reports of morphine and fen- 
tanyl effects in the same preparation from our labo- 
ratory. Homma et al. (4) reported that 0.25 mg of 
spinally administered morphine reduced the mean 
noxiously evoked activity of WDR neurons to 30% of 
control within 30 min. Suzukawa et al. (5) reported 
that 15 wg of spinally administered fentanyl reduced 
the mean noxiously evoked activity of WDR neurons 
to within 20% of control within 30 min. In this study, 
50 ug of alfentanil had reduced the activity to 18% of 
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Figure 5. The effects of 25 ug/kg of intravenously administered 


alfentanil on the mean evoked activity of all neurons studied. The | 


mean evoked activity is expressed as percent of control. The bars 
indicate + 1 sp. The numbers by the plotted points indicate the 
number of the cells studied at each time point. 


control at 30 min. The onset of effect was also com- 
parable, with fentanyl producing the most rapid re- 
duction in evoked activity and morphine being the 
slowest. Although the lower spinal dose of alfentanil 
produced maximum suppression comparable to that 
produced by the lower dose of morphine, the alfen- 
tanil effect seemed to have a more rapid onset but 
shorter duration. This may be due to alfentanil’s greater 
lipid solubility. Table 2 presents a summary of the 
effects of spinally administered morphine, fentanyl, 
and alfentanil studied in the same animal model in 
our laboratory. 

Alfentanil has a relatively high lipid solubility (log 
p, partition coefficient, is 2.16, as compared with 0.36 
for morphine, personal communication, Janssen 
Pharmaceutica) while also having a small volume of 
distribution and a rapid clearance from the body (2). 
These factors should allow the drug to enter the spinal 
cord rapidly while minimizing the danger associated 
with systemic or cerebrospinal fluid redistribution. 
The duration of effect, however, is short enough that 
a single administration of alfentanil for spinal anal- 
gesia would not produce an analgesia of significant 
duration when compared with other available drugs 
(e.g., morphine). Thus although alfentanil clearly 
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Table 2. Comparison of Drug Suppression of Noxiously 
Evoked WDR Neuron Activity by Spinally 
Administered Opiates* 








6 min 12 min 18min 24min 30 min 

Morphine? 

0.10 mg 92 88 76 64 62 

0.25 mg 65 57 44 33 30 
Fentanyl 

10 ug 71 63 55 49 47 

15 ug 38 34 30 29 22 

25 ug 23 11 '10 9 11 
Alfentanil 

25 ug 82 74 69 75 84 

50 ug 36 24 17 15 18 


"Values are expressed as mean % of control. 
"From Homma et al., 1983. 
*From Suzukawa et al., 1983. 


should be able to produce a profound spinal anal- 
gesia, its use for this purpose might be limited to 
procedures in which only short periods of analgesia 
are required or in which repeated administration is 
not a problem. | 

One of the exciting developments associated with 
spinal opioid analgesia has been the long duration of 
action that can be produced with some drugs. The 
very short duration of action of alfentanil permitted 
us, in this study, to graphically demonstrate the dif- 
ference in kinetics associated with spinal vs intrave- 
nous administration. Clearly, the intravenous route 
of administration is capable of producing an occu- 
pancy of spinal receptors (spinal cord transection 
eliminates descending inhibitory effects) that produces 
an intense, rapid, and short-lived suppression of WDR 
neuron activity. Spinal application, in spite of the high 
lipid solubility of alfentanil, results in a suppression 
that is both much slower in onset as well as longer 
in duration, as can be seen by comparing Figures 3 
and 5. The degree of difference could not be pre- 
dicted from the kinetics derived from intravenous 
administration. 

The importance of spinal opioid analgesia extends 
far beyond the presént clinical utilization of this tech- 
nique for the alleviation of certain types of pain. This 
technique has made both basic scientists and clini- 
cians increasingly aware of the importance of the 
pharmacology of the spinal cord as it relates to sen- 
sory modulation. The intricacies and potential future 
clinical importance of spinal cord pharmacology as it 
relates to pain cannot, at the present time, be over- 
emphasized. It is important to remember that as fu- 
ture developments arise for the spinal administration 
of drugs for the alleviation of pain, it will be essential 
to study the kinetics occurring after that route of 
administration. As is clearly demonstrated in this study, 
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and as has been well documented by man other 
clinicians and basic scientists, the spinal route 5f drug 
administration imposes barriers and regulatory mech- 
anisms to the movement of drugs that cannot be read- 
ily predicted from data derived after intravenoas drug 
administration. 
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The Influence of Diazepam on the Pharmacokinetics of Intravenous 
and Epidural Bupivacaine in the Rhesus Monkey 
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Pretreatment of patients with diazepam has been reported 
to reduce the plasma half-life of epidurally administered 
bupivacaine. The concentrations of bupivacaine used to es- 
timate its plasma half-life may be influenced by input into 
the vascular system (rate and extent of absorption from the 
epidural space) and disposition (distribution and elimina- 
tion). We conducted a study in Rhesus monkeys in which 
the input function was known and the influence of intra- 
venous diazepam on the disposition of intravenous bupiv- 
acaine could be delineated. Results indicated no differences 
in the primary pharmacokinetic parameters (i.e. , total clear- 
ance and volume of distribution) for the disposition of bu- 
pivacaine. To determine whether the apparent disparity be- 
tween these results and a previous study might be due to a 


The use of diazepam preoperatively as an anxiolytic, 
as well as in the management of central nervous sys- 
tem (CNS) toxicity resulting from local anesthetics, is 
well recognized. In a previous study, intravenous di- 
azepam was shown to significantly decrease the plasma 
elimination half-life of epiduraliy administered bu- 
pivacaine and etidocaine (1). Because the blood con- 
centration of drug is determined by both input (ab- 
sorption) and disposition (distribution and elimination), 
the influence of adjuvant drugs on either of these 
functions cannot be defined without knowledge of 
tne other (2). Assuming diazepam does not alter in- 
put, a reduction in the half-life can be explained by 


Work was supported by the Department of Anesthesia, Uni- 
versity of Cincinnati College of Medicine, Cincinnati, Ohio. 

Received from the Department of Anesthesia, University of Cin- 
cinnati College of Medicine, and the Institute for Policy Research, 
University of Cincinnati, Cincinnati, Ohio. Accepted for publica- 
ton August 29, 1985. 

Address correspondence to Dr. Denson, Department of Anes- 
tnesia, University of Cincinnati Medical Center, Cincinnati, OH 
45267. 


© 1986 by the International Anesthesia Research Society 


diazepam-induced alteration in the input function, the in- 
fluence of intravenous diazepam or saline on the mean ab- 
sorption time of epidurally administered bupivacaine was 
also studied in monkeys. Epidural bupivacaine was com- 
pletely absorbed whether the animals received intravenous 
saline or intravenous diazepam. No significant differences 
in pharmacokinetic parameters were found between animals 
pretreated with intravenous saline or intravenous diazepam 
and receiving an epidural injection of bupivacaine. The mean 
residence time of buptvacaine in the body (P < 0.01) and 
plasma elimination half-life (P < 0.005) were significantly 
longer after epidural administration than after intravenous 
administration. Intravenous diazepam does not alter the 
pharmacokinetics of intravenously or epidurally adminis- 
tered bupivacaine. 


Key Words: ANESTHETICS, Locar—bupivacaine. 
HYPNOTICS, BENZODIAZEPINES—diazepam. PHAR- 
MACOKINETICS—bupivacaine. 


a change in the total clearance (CL), the volume of 
distribution (V,) component(s) in the disposition 
function (3), or both. To accurately examine the in- 
fluence of intravenous diazepam on bupivacaine dis- 
position, a study must be conducted such that the 
input is known. Similarly, once the effect, if any, of 
intravenous diazepam on disposition of bupivacaine 
is defined, a study can be conducted to evaluate the 
effect of intravenous diazepam on the bupivacaine 
input function after its extravascular administration. 
The purpose of this study was to determine the in- 
fluence of intravenous diazepam on the disposition 
function of bupivacaine after intravenous administra- 
tion (known input) and on the input function (known 
disposition) after epidural administration using Rhe- 
sus monkeys. 


Methods 
Animal Model 


Input and disposition functions for bupivacaine were 
studied in six adult Rhesus monkeys. A 2 x 2 ran- 
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domized complete block design, separated 5y a 5- 
week rest period, was used for each route of admin- 
istration. After an overnight tast, monkeys were se- 
dated with ketamine (10 mg/kg intramuscularly). 
Under light general anesthesia (7:3 L N;O:O; with 
0.5% halothane), carinulae were placed in a peapheral 
leg vein for administration of drugs arid maintenance 
fluids (lactated Ringer’s solution containing =% dex- 
trose) and in a saphenous or radial artery fo- blood 
sampling. Systolic, diastolic, mean arterial pressure, 
and ‘heart rate were measured noninvasively ~vith an 
automated blood pressure monitor (Dinamap Model 
1245). Lead II ECG was continuously monitored using 
a Gross Model 7P6-C electrocardiograph. Animels were 
allowed to recover from anesthesia in a primate re- 
straining chair before administration of diazepam, bu- 
pivacaine, or both. 


Intravenous Administration 


Diazepam (0.1 mg/kg) or saline was administered in- 
travenously over 1 min, followed 10 min later by bu- 
pivacaine, 1 mg/kg, infused over a 1-min period. Four- 
ml arterial blood samples were collected at £ 7, 10, 
15, 20, 25, 30, 45, 60, 90, and 120 min after corrpletion 
of the intravenous injection of bupivacaine, amd then 
every hour for a total of 8 hr. Blood removed ky sam- 
pling was replaced with normal saline (3 ml per 1 ml 
blood). 


Epidural Administration 


After placement of the arterial and venous cannulae, 
the animals were placed in the right lateral decubitus 
position. A blunted 20-gauge thin-wall spinal needle 
was inserted into the epidural space using a midline 
approach at L4-5 or L5-6 and a loss of resistance tech- 
nique. After insertion of the catheter (PE-10) into the 
epidural space, the absence of either blood or CSF in 
the catheter hub was used as the criteria for correct 
placement. Gentle aspiration and gravity weze used 
in an attempt to detect the presence of blood and/or 
CSF in the catheter. Animals were then allowed to 
recover from anesthesia in a primate restrainirg chair 
prior to drug administration, after which diczepam 
(0.1 mg/kg) or saline was administered intravenously 
over a 1-min period. Ten minutes later, 15 mg bupiv- 
acaine (2 ml of 0.75%) was injected over 1 min through 
the epidural catheter. Four-ml arterial blood samples 
were collected 4, 7, 10, 15, 20, 25, 30, 45, 60, 30, and 
120 min after completion of the epidural injection of 
bupivacaine, and then every hour for a total 5f 8 hr. 
Blood removed during sampling was replaced with 
normal saline (3 ml per 1 ml blood). 
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Table 1. Definitions of Pharmacokinetic Symbols 


Symbol Definition 

AUC Area under the blood concentration-time curve from 
zero to infinity. 

AUMC Area under the first statistical moment blood 
concentration-time curve from zero to infinity. 

CL Total body clearance. 

D Dose. 

F Bioavailability of drug after epidural injection. 

Àz Elimination or terminal disposition rate constant. 

MAT Mean absorption time after epidural injection. 

MRT Mean residence time of drug in the body. 

Vss Steady state volume of distribution. 

V. Volume of distribution in the elimination phase. 

Analysis 


Blood samples were allowed to clot, after which serum 
obtained by centrifugation was stored at — 20°C until 
analyzed within 48 hr. Total bupivacaine concentra- 
tions were determined by gas chromatography as pre- 
viously reported (4,5). 


Analysis of Elood Concentration—Iime Data 


Concentration-time data obtained from the intrave- 
nous and epidural studies were analyzed indepen- 
dent of compartment model using statistical moment 
theory (6). Table 1 is a summary of the pharmacoki- 
netic symbols. | 

The area under the curve (AUC) and area under 
the first moment curve (AUMC) were calculated by 
integration of concentration—time data using the trap- 
ezoidal rule (6). Pharmacokinetic parameters were then 
calculated as follows: 


= (AUC) DN 





F = 1 
(AUC), Dep () 
F-D 
CL UO (2) 
CL 
Vv, = A (3) 
Vs = CL: MRT (4) 
AUMC 
MRT = ^C (5) 
MAT = (MRT)g — (MRT)y (6) 
Statistical Analysis 


All data are presented as mean + standard deviation 
(sD). Pharmacokinetic parameters for each route of 
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Figure 1. Plots of plasma concentrations 
of bupivacaine after intravenous injection 
(1 mg/kg) without (solid line) or with 
(dashed line) pretreatment with diazepam 
(0.1 mg/kg). 
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administration of bupivacaine were compared using 
a one-within-one-between analysis of variance (7). 
Differences between routes of administration were 
analyzed using t-test for paired observations. A P value 
« 0.05 was considered the minimum level of statistical 
significance. 


Results 


Although animals pretreated with diazepam ap- 
peared to be modestly sedate, no significant differ- 
ences in respiratory rate, heart rate, systemic dia- 
stolic, or mean arterial pressure were found. A typical 
concentration-time profile for bupivacaine after in- 
travenous administration of bupivacaine in the pres- 
ence and absence of diazepam is shown in Figure 1. 
Calculations of pharmacokinetic parameters obtained 
for bupivacaine after intravenous administration are 
shown in Table 2. Statistical analysis of the various 
pharmacokinetic parameters that comprise the dis- 
position function indicate no significant effect of pre- 
treatment with diazepam. Figure 2 is a representative 
concentration-time profile after epidurally adminis- 
tered bupivacaine with or without diazepam pretreat- 
ment. The results of the pharmacokinetic analysis after 
epidural administration are summarized in Table 3. 
No significant effect of diazepam pretreatment were 
found. MRT (P < 0.01) and ti. (P < 0.005) were sig- 
nificantly longer after epidural bupivacaine than after 
intravenous bupivacaine. Bioavailability calculations 
demonstrate complete absorption of bupivacaine in 
epidural treatments with or without diazepam 
pretreatment. 


Discussion 


Intravenous diazepam has been previously reported 
to decrease the elimination half-life of epidurally ad- 


ANESTH ANALG 153 
1986;65:151—-5 





e 3 4 5 8 7 
TIME IN HOURS 


Table 2. The Influence of Intravenous Diazepam 
(0.1 mg/kg) on the Pharmacokinetics of Intravenously 
Administered Bupivacaine (1 mg/kg) in Rhesus Monkeys" 





Control Diazepam 
Body weight (kg) 9.60 + 1.34 9.70 x 1.50 
CL (L-kg^ -hr^!) 0.60 + 0.10 0.67 + 0.20 
Vss (L/kg) 0.66 + 0.16 0.63 + 0.21 
V, (L/kg) 1.16 + 0.32 1.49 + 0.89 
tie (hr) 1.33 + 0.29 1.59 + 0.81 
MRT (hr) 1.10 + 0.24 1.06 + 0.63 


an = 6; mean +t sD., 


ministered bupivacaine (1). We chose the 0.1-mg/kg 
dose of diazepam to reproduce the premedication dose 
used by Giasi et al. (1). For accurate estimation of the 
elimination half-life of any drug, the following con- 
ditions must be met (6,8): Blood sampling for drug 
concentration measurements must be continued for a 
sufficient length of time, and the influence of the in- 
put function on the concentration-time profile must 
be approaching zero (i.e. [e~***->0}) when the elim- 
ination half-life is determined graphically. If absorp- 
tion is not complete at the times selected for assessing 
the elimination half-life, an accurate estimate cannot 
be obtained because there are two processes occur- 
ring, i.e., drug is still entering as well as being elim- 
inated from the systemic circulation. Thus, such es- 
timates will contain contributions from the absorption 
and elimination phases. 

The reported elimination half-life for bupivacaine 
after intravenous administration is approximately 3 
hr (9). In the present study, the sampling period was 
selected to accurately characterize the concentra- 
tion-time profile. By using rapid intravenous admin- 
istration, theinput function was known and was iden- 
tical when intravenous diazepam was or was not 
previously administered. Therefore; ariy difference in 
the estimated parameters must be: asctiDed to.a di- 
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azepam-induced alteration in the dispositon of 
bupivacaine. 

The elimination half-life of a drug depends cn total 
clearance and volume of distribution (3). Tota. clear- 
ance is determined by the free fraction of dreg, the 
ability of the eliminating organ to remove the free 
fraction of drug (intrinsic clearance), and the rate at 
which the drug is presented to the eliminating organ 
(blood flow) (10). In those drugs for which tae ex- 
traction ratio by the eliminating organ is low, as with 
bupivacaine, total clearance becomes a function of the 
free fraction and intrinsic clearance. In general, the 
volume of distribution of a drug is determined. by its 
binding at plasma and tissue sites, and by the volume 
and pH of the various body fluids (11). For bapiva- 
caine, the major determinant of its distribution is tis- 
sue binding, because greater than 90% of the drug is 
bound to tissue sites (12). 

A reduction in the elimination half-life of a. drug 
must be due to an increase in total clearance or a 
reduction in volume of distribution. In order fer bu- 
pivacaine total clearance to be increased, either the 
free fraction or the intrinsic clearance must te in- 
creased. A recent study has shown that protein bind- 
ing of bupivacaine is not affected by diazepam: (13). 
Therefore, the only possibility is an increase in the 
intrinsic clearance of bupivacaine (i.e., an increese in 
metabolic rate). For the volume of distribution zo be 
decreased, a decrease in the tissue binding must oc- 
cur. For bupivacaine, whose therapeutic index is small, 
a decrease in tissue binding would result in a transient 
increase in free fraction and could result in an in- 
creased risk of toxicity. 

In the present study, the disposition functicn of 
bupivacaine is unaltered in the presence of diazepam, 
suggesting that diazepam affects neither intrnsic 
clearance nor tissue binding. Because there is n» al- 
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Figure 2. Plots of plasma concentrations 
of bupivacaine after epidural administra- 
tion (15 mg) without (solid line) or with 
(dashed line) pretreatment with diazepam 
(0.1 mg/kg). 


Table 3. The Influence of Intravenous Diazepam 

(0.1 mg/kg) on the Pharmacokinetics of Epidurally 
Administered Bupivacaine (2 ml of 0.75% Solution) in 
Rhesus Monkeys* 


Control Diazepam 
Body weight (kg) 9.80 + 1.40 9.73 + 1.43 
CL (L-kg^ -hr^?) 0.59 x 0.12 0.63 + 0.35 
tin (hr) 3.05 + 0,92 3.52 + 1.03 
MRT (hr) 399126 4.52 + 1.55 
MAT (hr) 2.49 + 1.37 3.71 + 1.39 
F 1.06 + 0.26 0.93 + 0.23 


in = 6; mean + SD. 


teration in tissue binding, concomitant administration 
of diazepam and bupivacaine should be deemed safe 
at least from a pharmacokinetic point of view. 

Mean absorption time and total clearance after epi- 
dural administration of bupivacaine were unaffected 
by pretreatment with intravenous diazepam. Thus di- 
azepam does not affect the input function for bupiv- 
acaine. The elimination half-life of bupivacaine was 
significantly longer after epidural administration than 
after intravenous administration. This is consistent 
with the data of Tucker and Mather, who demon- 
strated a biphasic absorption process after epidural 
administration of bupivacaine in humans (14). The 
slow absorption phase precludes accurate measure- 
ment of the elimination rate, even when sampling is 
conducted over three half-lives of the drug. The slow 
absorption phase after epidural administration is of 
clinical relevance because alterations in this phase 
govern the extent of drug accumulation when mul- 
tiple injection techniques are being used. The biphasic 
nature of the absorption function does not allow one 
to estimate the absorption rate accurately using either 
classical pharmacokinetic models or statistical mo- 
ment theory. V,, and V, after epidural administration 
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cannot be reliably calculated because an accurate es- 
timation of both absorption and elimination rates is 
required. 

It is important to remember that drug interactions 
may be of several types and alterations in the apparent 
elimination half-life may be due to corresponding 
changes in total clearance, volume of distribution, or 
both, and also to alterations in the absorption process 
if absorption is rate-limiting. Such changes in the rate 
and extent of absorption are often not appreciated and 
consequently overlooked. 

The choice of the statistical analysis for the present 
study was made to minimize errors in repeated mea- 
sures which are due to interanimal differences. By 
using the one-with—one between analysis, errors as- 
sociated with interanimal differences are subtracted 
from the comparison calculations allowing a maxi- 
mum likelihood of detecting differences in pharma- 
cokinetic parameters due solely to diazepam. This 
analysis is also designed to detect differences due to 
the order in which the treatments were administered. 
Similarly, the AUC approach allows the use of “raw” 
concentration-time data rather than exponents and 
coefficients resulting from a nonlinear regression 
analysis of the data. This design and analysis are ex- 
tremely important when a small number of subjects 
are involved because using a standard analysis of var- 
iance would result in a low probability that small but 
significant differences would be detected. 

The present data demonstrate that diazepam does 
not alter the absorption or disposition pharmacoki- 
netics of bupivacaine after bupivacaine is adminis- 
tered either intravenously or epidurally. The apparent 
conflict between the current study and the previous 
report that diazepam does affect the pharmacokinetics 
of epidurally administered local anesthetics in hu- 
mans (1) is due in part to the significant intersubject 
variation encountered in the human study. In the 
present study, this was resolved by using a crossover 
design, an option not ethically available in human 
studies. 
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Does Intravenous Infusion cf Nitroglycerin Potentiate 
Pancuronium- and Vecuronium-Induced Neuromuscular Blockade? 


Sylvia Schwarz, MD, Sandor Agoston, MD, PhD, and Martin C. Houwertjes 


SCHWARZ S, AGOSTON S, HOUWERTJES MC. Does 
intravenous infusion of nitroglycerine potentiate 
pancuronium- and vecuronium-induced neuromu :cular 
blockade? Anesth Analg 1986;65:156—60. 


The dose requirement for 95% depression of twitca tension 
and the time course of the neuromuscular blockirg effects 
of the EDss of pancuronium bromide and vecuroraum bro- 
mide were studied during intravenous infusion of glucose, 
5%, and nitroglycerin, 1 ugkg min ^!, in 20 cats anes- 
thetized with pentobarbital. Nitroglycerin administered con- 
tinuously starting 1 hr before the administration ofthe EDgs 
and maintained during at least five maintenance doses of 
either pancuronium or vecuronium did not sigr ificantly 


Nitroglycerin (NTG) has been known as the mainstay 
of symptomatic treatment for angina pectoris fer more 
than 100 yr. However, more recently, new uses have 
been found for intravenously administered INTG in 
the treatment of myocardial ischemia both during 
coronary revascularization surgery and perioperative 
hypertension, as well as during general anestkesia as 
a deliberate hypotensive agent. 

Early clinical observations with intravenously ad- 
ministered NTG prompted Glisson et al. (1) te study 
the interactions of this drug with neuromascular 
blocking agents in animals. They found tha: intra- 
venous infusion of NTG begun 1 hr prior to the 
administration of the neuromuscular blocking drugs 
significantly prolonged the duration of pancuronium- 
induced neuromuscular blockade in the cat. Surpris- 
ingly, in the same study the NTG treatment appeared 
to have no effect on the time course of action of d- 
tubocurarine or succinylcholine. With the emergence 
of vecuronium bromide (Org NC 45), a monoquater- 
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potentiate the action of the neuromuscular blocking drugs, 
nor did it alter their time course of action. A tendency for 
a decrease (statistically not significant) rather than an in- 
crease in the duration of action of maintenance doses of both 
pancuronium and vecuronium was apparent during the 
treatment with nitroglycerin. These findings indicate a lack 
of interaction between pancuronium or vecuronium and ni- 
troglycerin, provided that moderate doses are used. 


Key Words: DRUG INTERACTIONS—nitroglycer- 
ine. NEUROMUSCULAR RELAXANTS—pancuro- 
nium bromide, vecuronium bromide. PHARMACOL- 
OGY—nitroglycerine. 


nary analogue of pancuronium (2), the interaction of 
this new drug with intravenous NTG became clini- 
cally important. This prompted us to undertake the 
present study with the aim of determining the effects 
of intravenous NTG on the time course of vecuron- 
ium-induced neuromuscular blockade in the cat, us- 
ing pancuronium as a reference compound. 


Methods 
Experimental Preparation 


A total of 20 adult cats (2.5 + 0.9 kg) of either sex 
were anesthetized with pentobarbital sodium (40 mg/ 
kg intraperitoneally plus maintenance doses of 4 mg/ 
kg intravenously). After orotracheal intubation, arti- 
ficial ventilation with air through a cuffed Magill tube 
of 5.5 mm external diameter was maintained with a 
Hoek Loos MK II (Amsterdam) infant respirator at a 
rate of 30 beats/min and a tidal volume of 18 mi/kg. 
Ventilation was monitored by a capnograph (Gould 
Mark II) and the end tidal CO; was kept at 3.5 + 
0.45%. Heart rate, ECG (Pulse Monitor, MS-35; Elec- 
trodyne Co. Inc., USA), and mean arterial blood pres- 
sure (Statham P23D6 transducer, KWS 3085 HSE Elec- 
tromanometer) were monitored throughout the 
experiment. Body temperature was kept constant at 
36-37°C by heating the operating table. Rectal tem- 
perature was measured with a thermistor (Electrola- 
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infusion: 5% glucose 0.16 ml/kg/min 
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Pf Figure 1. Time course of the neuromus- 
dre vp ia fath cular blocking effects of vecuronium 
UT Tu AME jn (initial dose 9 of 22.0 ug/kg and several 
A A maintenance doses $ 5.5 ug/kg) in the 
tibialis anterior muscle preparation in the 
cat. The two experiments were per- 
formed in the same animal 1 hr apart. 
In the first study (upper trace) glucose, 
5%, was administered, whereas in the 
second experiment (lower trace) nitro- 
glycerin, 1.0 ug-kg ^ 'min^!, was admin- 
istered by intravenous infusion. The in- 
fusions started 60 min before the 

tll administration of vecuronium and were 
AE stopped after complete recovery of the 
FPE. twitch tension after the last maintenance 

siu dose. 

aii ins 


45 min. 
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borit, Copenhagen). The evoked isometric twitch ten- 
sion (resting tension 200 g) of the tibialis anterior muscle 
elicited by supramaximal square wave stimuli (ap- 
plied to the common peroneal nerve) of 0.2-msec du- 
ration at a frequency of 0.1 Hz (Grass 588 stimulator, 
SIU 5 stimulus isolation unit) was continuously re- 
corded via a load cell (UL4-20, Statham) attached to 
a force displacement transducer (UC3 Gold Cell, Sta- 
tham) and an MFE two-channel polygraph. The signal 
was amplified by a Hottinger-Baldwin amplifier 
(Messtechnik, Darmstadt). 


Experimental Procedure 


After the induction of anesthesia and intubation of 
the trachea, ten animals (control group) received a 
continuous infusion of glucose, 5%, and another group 
of ten cats (NTG group) received nitroglycerin at a 
rate of 1 ug-kg" min! through a polythene cannula 
inserted in the external jugular vein. In all experi- 
ments the intravenous infusion (0.16 ml-kg ^ '- min ^!) 
was started 60 min prior to the administration of the 
neuromuscular blocking drug and lasted until the end 
of the experiment. Each of the two groups were fur- 
ther subdivided into two groups of five animals, each 
receiving either pancuronium (n = 5) or vecuronium 
(n = 5). In each experiment 95% depression of the 
twitch tension was achieved by administration of the 


45 min. 


individual EDss dose of the neuromuscular blocking 
agent. The EDss doses for both pancuronium and ve- 
curonium were determined in earlier experiments (not 
reported here). 

In the present study we aimed at producing 95% 
twitch depression in each single experiment by ti- 
trating the dose of the neuromuscular blocking agents 
under study. In each experiment the standard EDos 
dose (found in earlier studies in this laboratory) was 
administered. Occasionally a small additional dose of 
relaxant had to be given when the standard EDss dose 
produced less than 95% twitch height depression. With 
both compounds only those experiments with an ini- 
tial neuromuscular block of 95% were included. 

After the administration of the initial (EDs5) dose 
of the neuromuscular blocking agent, five mainte- 
nance doses (1/4 of the initial dose) were given when- 
ever the twitch tension returned to 25% of control. 
The onset time (time taken to reach maximum depres- 
sion of twitch tension), duration of action of initial 
dose (the time between the end of the injection of the 
initial dose and the recovery of twitch tension to 25% 
of control), duration of maintenance doses (time re- 
quired for return of the twitch tension to 25% recovery 
after each maintenance dose), and recovery index (time 
from 25 to 75% recovery of control twitch tension after 
the last maintenance dose), as well as the total dose 
required to produce 95% depression of the twitch ten- 
sion, were calculated and compared in all four groups. 
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In a separate experiment the time course of vecu- 
ronium action (EDss dose plus maintenance dos2) was 
compared during the intravenous infusions cf glu- 
cose, 5%, and nitroglycerin, 1 ug-kg min ^ !, in the 
. same animal (n = 1). The two experiments wexe per- 
formed in succession 1 hr apart. Statistical aralysis 
was performed by Student's t-test for unpaired val- 
ues. P values less than 0.05 were considered statis- 
tically significant. All values are expressed as mean 
+ lsp. 


Results 


No statistically significant difference could be proven 
in the dose requirement for 95% depression Df the 
twitch tension of either neuromuscular blocking drug 
after a 1-hr intravenous infusion of either glucose, 596, 
or nitroglycerin, 1.0 ug-kg "min ^!. The EDss doses 
in the control group and in the NTG group weæ 32.0 
+ 2.5 pg/kg and 34.0 + 3.8 ug/kg (P > 0.6) for 
pancuronium and 36.5 + 11.0 ug/kg and 33.0 + 8.6 
pg/kg (P > 0.05) for vecuronium, respectively. 

The lack of effects of nitroglycerin on both the mag- 
nitude and the time course of the neuromuscular 
blockade produced by vecuronium is also demon- 
strated in a representative experiment in which the 
two infusion treatments were combined in the same 
animal (Fig. 1). The effect of pretreatment with glu- 
cose, 5%, vs NTG on the time course of acton of 
pancuronium (initial EDos dose followed by five main- 
tenance doses) is shown in Figure 2. The onsettimes 


were 5.0 + 2.3 and 6.0 + 1.4 min. The clinical du- 
rations were 12.0 + 7.5and 13.6 + 3.8 min. The mean 
duration of the maintenance doses ranged between 
8.6-9.6 min and 7.0—7.6 min. The recovery indices 
were 9.2 + 3.4 and 8.3 + 1.7 min. All values given 
refer to the control group and NTG group, respectively. 

The time course of action of equipotent initial and 
maintenance doses of vecuronium under the same 
experimental conditions is shown in Figure 3. In the 
experimental groups pretreated with glucose, 5%, or 
NTG, 1 ug-kg '-min^!, the onset times were 5.0 + 
1.3 and 5.0 + 1.0 min. The clinical durations were 
9.6 + 3.0 and 9.3 + 4.0 min. The mean duration of 
the maintenance doses ranged between 5.4 and 6.6 
min and 5.7 and 6.2 min. The recovery indices were 
6.8 + 3.5 and 5.3 + 2.1 min. All values given refer 
to the control group and the NTG group, respectively. 

Both the heart rate and mean arterial pressure 
showed fluctuations during the experiments. How- 
ever, these changes in the NTG group remained within 
15% of the control values. 


Discussion 


The results of the present study indicate that nitro- 
glycerin, 1 ug-kg" min" !, administered by intrave- 
nous infusion does not enhance the neuromuscular 
blocking effects of either pancuronium or vecuron- 
ium, nor does it alter the time course of effects of the 
above two compounds in the cat. In contrast to earlier 
observations (1) our results show a tendency to a 
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shortening of the time course of effects of both pan- 
curonium and vecuronium in animals treated with 
nitroglycerin. This tendency is shown in Figure 1. The 
time course of vecuronium action tends to be shorter 
during the infusion of nitroglycerin in spite of the fact 
that in the above period the EDss and six maintenance 
doses of vecuronium were administered for the sec- 
ond time to the same animal. 

In contrast to our results obtained with pancuro- 
nium, Glisson et al. (1) found that even lower doses 
of nitroglycerin (0.5 ugkg ` min!) significantly pro- 
longed the duration of action and the recovery rate 
of pancuronium-induced neuromuscular block, 
whereas there was no effect on the time course of 
action of d-tubocurarine or succinylcholine. The most 
likely explanation for this surprising observation may 
be the use of nonequipotent doses of the above three 
compounds. In earlier studies in chloralose-anesthe- 
tized cats, the calculated EDo, doses of d-tubocurarine, 
pancuronium, and succinylcholine were 300-370 ug/ 
kg (3,4,5), 24-30 ng/kg (3,6), and approximately 90 
ug/kg (5), respectively. From this it follows that in the 
above study (1) the EDs, doses of d-tubocurarine, five 
times the EDə dose of pancuronium, and the ED; 
dose of succinylcholine were employed. Therefore it 
is not surprising that the potentiation by nitroglycerin 
occurred only in the group treated with pancuronium. 
The interaction between nitroglycerin and succinyl- 
choline in the cat might be further complicated by the 
depolarizing mode of action of succinylcholine and 
by the species-bound low butyril cholinesterase ac- 


1 ug kg min (ns 5) 


Figure 3. Time course (min., mean x 
5.D.) of the neuromuscular blocking ef- 
fects following the EDss and five main- 
tenance doses of vecuronium during in- 
travenous infusion of glucose 5% (n = 
5) and nitroglycerin in the cat (n = 5). 
Abbreviation: (n.s.), not significant. 
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tivity (7), which results in a slower rate of hydrolysis 
of this compound in this species. 

In order to create experimental conditions closer to 
clinical practice, we modified the experimental design 
used by Glisson et al. (1). For this reason we used a 
barbiturate for anesthesia instead of a-chloralose and 
employed a stimulation frequency of 0.1 Hz instead 
of 0.2 Hz. More importantly, we used moderate equi- 
potent doses of vecuronium and pancuronium in- 
stead of overdoses. A single bolus dose of pancuro- 
nium of 126 ug/kg (1) is approximately three times 
the EDs; dose of this compound in man, which is 
seldom necessary under clinical conditions. We con- 
clude that nitroglycerin does not alter the neuromus- 
cular blocking effects of vecuronium and pancuro- 
nium in the cat, provided that moderate doses are 
used. 
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ROSENBERG H, FLETCHER JE. Masseter muscle rigidity 
and malignant hyperthermia susceptibility. Anesth Analg 
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Seventy-seven patients who developed masseter muscle ri- 
gidity (MMR) after receiving succinylcholine to facilitate 
tracheal intubation were evaluatea for malignant hyperther- 
mia (MH) susceptibility by in vitro halothane and caffeine 
contracture tests. Thirty-nine patients were aiagnosed as 
MH-susceptible. Neither age, sex, nor type of surgery or 
anesthesia distinguished MH-susceptible from nonsuscep- 
tible patients. Two susceptible and two nonsusceptible pa- 
tients had evidence of a myopathy. Fifty-two patients had 
serum creatine phosphokinase (CPK) levels measured in the 
perioperative period. Although all values were above nor- 


Masseter muscle rigidity (MMR) is a relatively com- 
mon clinical problem. For example, Schwartz et al. 
reported that MMR occurred in about 1% of children 
after halothane induction and succinylcholine admin- 
istration (1). Because of the association of MMR with 
malignant hyperthermia (MH), it has been recom- 
mended that if trismus is observed anesthesia should 
be discontinued and the patient investigated for sus- 
ceptibility to MH (2,3,4). However, the most widely 
accepted test for MH susceptibility involves a test that 
is available at only a limited number of centers (5). 

The purpose of this study was to determine the 
coincidence of MMR after succinylcholine with MH 
susceptibility based on the contracture response of 
biopsied muscle to halothane and to caffeine; to de- 
termine whether any clinical or laboratory findings 
other than contracture tests are predictive of MH sus- 
ceptibility; and to describe the association of MMR 
with other muscle disorders. 
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mal, CPK values equal to or greater than 20,000 IU within 
24 hr of trismus (in the absence of myopathy) were observed 
in six of 30 patients diagnosed as MH-susceptible, but were 
found in none of the nonsusceptible patients. Considering 
the high percentage ‘of patients exhibiting MMR that are 
indeed susceptible to MH (~50%) compared to estimates 
of MH in the population as a whole (~0.005%), MMR 
should be considered a presumptive sign of MH. Periop- 
erative CPK values, greater than 20,000 IU are highly 
suggestive of MH susceptibility. Patients exhibiting MMR 
should be evaluated for MH susceptibility and myopathies. 
Succinylcholine should be avoided for subsequent anesthetics 
in patients with a history of MMR. 


Key Words: HYPERTHERMIA, MALIGNANT. 
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Methods | 


Seventy-seven patients who developed jaw muscle 
rigidity after succinylcholine administration were 
evaluated, 33 of whom were included in a previous 
report (6). The patients were referred for evaluatiori 
by practicing anesthesiologists based on clinical evi- 
dence of MMR. Information concerning the clinical 
source and pertinent data was obtained from chart 
review, patient’ examination, and referring physi- 
cians. All patients received succinylcholine before de- 
veloping MMR.' 

The procedure for the muscle biopsy has previ- 
ously been described (6,7). Fourteen muscle biopsies 
were obtained with patients under general anesthesia 
with nontriggering agents and without dantrolene 
premedication. The remaining 63 biopsies were ob- 
tained using femoral and lateral femoral cutaneous 
nerve block with 1-1.2576 mepivacaine and supple- 
mental sedation as necessary (7). 

In brief, the vastus lateralis was clamped in situ. 
Strips of muscle weighing 50-150 mg were dissected 
and placed in a 37°C bath of modified Krebs solution 
continuously bubbled with 95% O,—596 CO . The mini- 
mum biopsy size had at least six fiber bundies that 
could be isolated undamaged except for the cut ends. 
If possible we tested eight fascicles for each patient. 
The muscle from all patients but one was stimulated 
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Table 1. Findings Associated with Masseter Rigidi-y after Succinylcholine 


MH Positive" MH Negative" 
Age (yr) I1.9 x 1:5 10.3 + 1.2 
Sex (male:female) 19:20 15:23 
Type of surgery 
Ear, nose, throat 13 19 
Eye 2 3 
Orthopedic 1 6 
Other 22 11 
CPK (IU} within 24 hrs of MMR 
Males 8094 + 3287 (n = 17) 5917 + 1346 (n = 14) 
Females 15,190 + 4835 (n = 13) 4412 + 1040 (n = 8) 
Males and females 11,169 + 2828 5344 + 919 


All values expressed as mean + SEM. 
"By halothane and caffeine contracture testing. 


supramaximally at 0.2 hz with a pulse dura‘ion of 
2-10 msec. After an equilibration period of zeveral 
minutes, halothane was added to the gas stream of 
some preparations. Halothane concentration in the 
gas phase was verified using gas chromatog-aphy. 
After halothane exposure, preparations were washed, 
equilibrated 30 min, and then exposed to incremental 
doses of caffeine (0.125-16mM) added at 2-min in- 
tervals or until the contracture had reached a p.ateau. 
Patients were considered MH susceptible if amy one 
preparation developed 0.5 g contracture on. expo- 
sure to 2% halothane or less, >0.7 g contracture to 
3% halothane or 0.3 g contracture upon exposure 
to 2mM caffeine. 

Data were analyzed by a two-tailed groupec t-test 
at a level of P < 0.05, comparing MH susceptibles to 
nonsusceptibles unless otherwise noted. 


Results 


Each patient underwent a single muscle biopsy. In 
most cases 6-8 muscle strips were isolated fror1 each 
biopsy and tested for sensitivity to halothane. The 
response. to halothane was not necessarily uniform 
for all the muscle strips isolated from a single b. opsy. 
In all, only 86 (54%) of 166 muscle strips from zhe 39 
patients diagnosed as MH susceptible by the con- 
tracture test met the criteria for a positive test when 
exposed to halothane. None of the 159 strips frcm the 
38 patients diagnosed as nonsusceptible met the cri- 
teria for MH on in vitro testing. In 11 of the 39 petients 
diagnosed as MH susceptible, fewer than 25% 5f the 
strips tested met the criteria for a positive res»onse 
to halothane. A similar variability in the respoase to 
caffeine was observed. For the 39 MH susceptikle pa- 
tients, a total of 22 (28%) of 80 strips tested met the 
criteria for MH susceptibility. Sixty-seven strips were 


exposed to caffeine in the nonsusceptible group, and 
none exhibited a response typical of MH muscle. 

The anesthetic associated with MMR was induced 
with thiopental in eight of the 39 MH susceptible and 
in three of the nonsusceptible patients. Anesthesia in 
the remainder was induced with halothane or en- 
flurane. Occurrence of MMR was induced by succi- 
nylcholine in all cases. There were no differences be- 
tween susceptible and nonsusceptible patients in type 
of proposed surgery, age, or sex (Table 1), or type of 
anesthesia used. The most common surgical proce- 
dures were tonsillectomy and adenoidectomy. 

Five of 39 MH susceptible and 7 of 38 MH non- 
susceptible patients had premature ventricular con- 
tractures during or after masseter rigidity, a difference 
that was not significantly different. One patient who 
later proved to be MH susceptible had an intraoper- 
ative increase in temperature to 41°C. There were no 
other significant differences between intra- and early 
postoperative temperatures between groups. There 
were no differences in arterial blood gas tensions be- 
tween groups when measured in the perioperative 
period. 

The results of myoglobinuria testing were not re- 
corded for all the patients. However, in those patients 
for which it was recorded, myoglobinuria was present 
in four of 13 MH susceptible and three of 14 nonsus- 
ceptible patients. More specific signs of muscular dis- 
orders were also found. For example, central core 
disease was diagnosed in one susceptible patient and 
myotonia congenita in another; one case of Becker's 
dystrophy and one of arthrogryposis (possible fetal 
alcohol syndrome) were found among the nonsus- 
ceptible patients. Aside from the specific changes noted 
above, nonspecific changes (variation in fiber size, 
type I fiber predominance, angulated fibers) or nor- 
mal findings were noted with equal frequency when 
comparing the histological findings of all suscep- 
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tible and nonsusceptible patients (manuscript in 
preparation). 

Creatine phosphokinase (CPK) values after MMR 
were elevated in the 52 patients in whom CPK was 
measured. Of those patients who were diagnosed as 
positive, six patients of 30 (20%) had CPK values above 
20,000 IU. None of the patients diagnosed as non- 
susceptible had CPK values above 20,000 IU. This was 
statistically significant at a level of P < 0.05 by the 
test for significance between two proportions. One 
MH negative patient had a CPK after MMR of greater 
than 50,000 IU, but he proved to have Becker’s mus- 
cular dystrophy and therefore was excluded from the 
analysis. 


Discussion 


Masseter rigidity is relatively common, almost 1%, in 
the pediatric population when halothane and succi- 
nylcholine are used together (1). Trismus after suc- 
cinylcholine is one of the most frequent early signs 
of MH and therefore reason for considering the di- 
agnosis of MH. Approximately 30% of the 250 patients 
referred for biopsy to our center were referred because 
of MMR, which is similar to the experience of Ellis 
and Halsall (3). In the present study there was a co- 
incidence of 51% between MMR and MH suscepti- 
bility, which is consistent with findings in our prelim- 
inary study (8). Similarly, Ellis and Halsall found the 
coincidence of MMR and MH susceptibility to be 64% 
using halothane and caffeine contracture testing (3). 
Flewellen and Nelson (4) report a similar coincidence 
of MH with MMR; however, their figure was derived 
by including phenotype K, a group that does not re- 
spond to 3% halothane alone but has an accentuated 
response to halothane and caffeine together. The clin- 
ical significance of the phenotype K has not been es- 
tablished. Using our criteria, only two of 18 patients 
in their study were susceptible to MH. We are unable 
to explain the apparent discrepancy between our study 
and that of Flewellen and Nelson except that their 
population sample size was considerably smaller not 
only than ours but also that of Ellis and Halsall (3). 
Also, the mean age (~ 7.5 yr) was lower than in the 
present study. In contrast to all the above studies, all 
12 patients tested for MH susceptibility after MMR in 
the study by Schwartz et al. were found to be MH 
susceptible (1). However, this anomaly is most likely 
related to the use of the calcium uptake assay used 
to diagnose MH susceptibility, a test the reliability of 
which has been questioned (5). 

There appears to be an abnormally high incidence 
of myopathies in patients referred for testing due to 
MMR. Ellis and Halsall (3) noted a concomitant my- 
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opathy in seven of 36 MH negative patients who ex- 
perienced MMR. In our study two nonsusceptible pa- 
tients had myopathies. We also observed central core 
disease in one patient diagnosed as MH susceptible 
and myotonia congenita in another MH susceptible 
patient. Both myotonia congenita and central core dis- 
ease have previously been reported in patients with 
MH susceptibility (9,10). 

The most striking finding in the present study, a 
finding not reported previously (8), concerns the use 
of CPK values for diagnosis of MH. Although all pa- 
tients who developed MMR had elevated CPK values 
after MMR, only MH susceptible patients and the one 
nonsusceptible patient with muscular dystrophy had 
CPK values equal to or greater than 20,000 IU. There- 
fore in the absence of myopathy, this laboratory find- 
ing is the only predictor for MH susceptibility after 
MMR other than contracture testing. However, the 
CPK values alone as predictors of MH are far too 
insensitive, as 24 patients with CPK values «20,000 
tested as MH susceptible by the contracture test. None 
of the patients in the Flewellen and Nelson study (4) 
had CPK values 220,000. CPK values were not re- 
ported by Ellis and Halsall (3). 

That more patients in those we studied did not 
experience an overt episode of MH, and only one 
patient developed marked hyperthermia, is probably 
related to the early discontinuation of triggering an- 
esthetic agents in all cases. The reason that arterial 
blood gas tension values were not reliable in diag- 
nosing MH probably relates to the effect of hyper- 
ventilation and time lapse between MMR and blood 
sampling. 

The explanation for masseter rigidity without MH 
susceptibility is not clear. One possibility is that the 
halothane and the caffeine contracture tests are not 
sufficiently sensitive to detect all MH susceptible pa- 
tients. Another is that not all patients with MMR are 
truly MH susceptible. Also possible is that the con- 
tracture tests are not reliable, despite strong evidence 
to the contrary (5,6). Not all strips from a single mus- 
cle biopsy specimen respond to halothane and caf- 
feine in a similar manner despite a twitch response 
70.5 g to direct electrical stimulation of the muscle. 
Therefore the test may be subject to sampling errors. 
Only about one half of the strips in muscle from MH 
susceptible patients exhibited a significant contracture 
to halothane and one fourth to caffeine. Thus in order 
to minimize sampling error, as many muscle strips as 
possible should be tested. We suggest that a mini- 
mum of six strips from each patient be tested with 
halothane if possible. 

It has recently been suggested that a distinction 
can be made between muscle from MH negative pa- 
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tients who experienced MMR and other MH negatives 
by exposing the muscle to 50mM succinylcholine prior 
to halothane exposure (11). Under these conditions, 
greater contractures are observed in muscle from pa- 
tients previously experiencing MMR than in muscle 
from other MH nonsusceptible patients. The patients 
testing as nonsusceptible for MH, but who respond 
to halothane after succinylcholine, may correspond 
to the K phenotype in the Flewellen and Nelson study 
(4). Further characterization of the in vitro response 
to the combination of halothane and succinylcholine 
is necessary before its significance becomes fully ap- 
parent. However, the interaction between halothane 
and succinylcholine might be useful in delineating the 
pathophysiology of MMR. Certainly these in vitro drug 
interaction studies (11) strongly argue against the use 
of succinylcholine in patients with a history of MMR. 

Because of the association of MH with MMR, all 
investigators advise that anesthetics that trigger MH 
be discontinued after trismus (2,3,4,6). The data are 
not available to support the contention that anesthesia 
may be safely continued by switching to nontrigger- 
ing anesthetics. After MMR, studies should be done 
to rule out an MH episode, including serial CPK and 
muscle biopsy. In the absence of clinical MH, there 
is no consensus for advising dantrolene therapy. If 
there is not a definitive diagnosis of MH by muscle 
biopsy or by perioperative CPK >20,000 IU, nontrig- 
gering agents should be used for all subsequent an- 
esthetics in patients who have experienced MMR. 
Those patients who have had MMR but are found to 
be MH negative by biopsy should not be exposed to 
succinylcholine. 

In conclusion, masseter rigidity after succinylcho- 
line is associated with MH susceptibility about 50% 
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of the time. This is a much higher incidence than in 
the population as a whole (~ 0.005%). Patients ex- 
periencing MMR tend to be young, and all show evi- 
dence of rhabdomyolysis. After succinylcholine- 
induced jaw rigidity, an elevation of CPK >20,000 IU 
in the perioperative period is indicative of either MH 
susceptibility or an underlying myopathy. 
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patients: a dose-response studv. Anesth Analg 
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A randomized double-blind study compared the dose-response 
relationship of epidural morphine for postoperative pain re- 
lief in two groups of patients whose surgical procedures 
would result in either moderate (femoral-popiiteal bypass) 
or severe (total knee replacement) postoperative pain. Pre- 
servative-free morphine sulphate in doses of 0, 2, 5, or 10 
mg in a volume of 10 ml saline were administered via lumbar 
epidural catheters. The epidural morphine was administered 
1 hr after the last dose of intraoperative local epidural an- 
esthetic in an effort to achieve a pain-free postoperative course. 
A significant relationship existed between the dose of epi- 


The effective management of acute perioperative pain 
is one of the most sought after goals in anesthesia 
practice. Parenteral and oral opiates are most often 
utilized for acute postoperative pain relief. However, 
when given by these routes, the opiates provide a 
relatively brief duration of analgesia and lead to nu- 
merous side effects such as sedation and respiratory 
depression. 

In 1979, Behar et al. (1) demonstrated that adequate 
clinical postoperative analgesia could be obtained with 
relatively small doses of epidural opiates believed to 
act directly on the opiate receptors in the spinal cord. 
Since that time, numerous studies have been carried 
out using epidural administration of opiates in a broad 


Received from the Department of Anesthesia, Harvard Medical 
School, Departments of Anesthesia, Brigham and Women's Hos- 
pital and Massachusetts General Hospital, Boston, Massachusetts. 
Accepted for publication August 22, 1985. 

Address correspondence to Dr. Allen, Department of Anes- 
thesia, Brigham and Women's Hospital, 75 Francis Street, Boston, 
MA 02115. 


© 1986 by the International Anesthesia Research Society 


dural morphine and both time to first required pain medi- 
cation and 24-hr weighted pain score. Five mg epidural 
morphine provided significant improvement in postopera- 
tive analgesia compared with the control in both groups. 
Further enhancement of analgesia occurred with 10 mg; 
however, late respiratory depression, demonstrated by an 
increased resting Paco, 10 hr after administration, was 
seen only with the 10-mg dose in both surgical groups. 
Minor complications such as nausea, vomiting, pruritus, 
and urinary retention were uncommon and did not appear 
to be related to dose. We found that 5 mg epidural morphine 
provided long-lasting postoperative analgesia without se- 
rious adverse effects after peripheral vascular and orthopedic 
surgery. 


Key Words: PAIN, POSTOPERATIVE. ANALGESIC — 
morphine. ANESTHETIC TECHNIQUES —epidural 
morphine. 


dose range (0.5-20 mg morphine) with varying results 
(2). Few controlled studies have been done (3-9) and 
none have determined the effective dose of epidurally 
administered opiates for patients with different inten- 
sities of postoperative pain. Only two of the con- 
trolled studies have assessed their ability to provide 
a continuum of analgesia from the intraoperative pe- 
riod to the immediate (24 hr) postoperative period 
(4,9). The present double-blind study was instituted 
in two groups of surgical patients, i.e. patients 
undergoing femoral-popliteal bypass surgery (mod- 
erate postoperative pain) and patients having total 
knee replacement (severe postoperative pain). The 
epidural morphine was administered prior to the 
complete resolution of the long acting epidural local 
anesthetic block to provide a continuum between in- 
traoperative and postoperative analgesia. 

Epidural morphine has been associated with var- 
ious side effects. However, the precise correlation be- 
tween dosage, adequate postoperative analgesia, and 
the frequency of severe side effects such as delayed 
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Table 1. Epidural Morphine Dose 


ALLEN ET AL. 








0 mg 2 mg 5mg 10 mg 
n 8 8 8 8 10 11 9 8 
Median age (yrs) 64 63 65 62 61 65 64 63 
Sex (M/F) 4/4 4/4 4/4 4/4 6/4 9/6 5/4 4/4 
Group F-P T-K F-P T-K F-P T-K EP T-K 





Vital statistics of patients in the two study groups (F-P, femoral-popliteal bypass graft, T-K, total knee replacement). 


onset of respiratory depression, has not been studied 
in different types of patients. The present study was 
designed both to establish a correlation between dose 
and side effects and to find the effective analgesic 
dose, if any, of epidural morphine that was devoid 
of serious side effects. 


- Methods 


Seventy patients of either sex between 21 and 82 yr 
of age were studied. Two groups of surgical patients 
were selected based on the severity of their postop- 
erative pain. One group of 35 patients who under- 
went femoral-popliteal bypass surgery was expected 
to develop moderate postoperative pain. A second 
group of 35 patients who had total knee replacements 
was expected to develop severe postoperative pain. 
Both groups were given 0 mg (morphine-free saline), 
2, 5, and 10 mg of preservative-free morphine sulfate 
administered in a volume of 10 ml of normal saline. 
A research pharmacist placed each dose into a num- 
bered vial and held the code in case it should be 
needed. The vials were numbered sequentially so that 
the various doses were randomly assigned to patients 
in both surgical groups using a double-blind protocol. 
Informed consent was obtained from all patients, and 
approval was obtained from the Institutional Review 
Board for Human Studies at the two hospitals involved. 

Epidural anesthesia was performed at L2-3 or L3- 
4 interspace using a 17-gauge Huber-tipped needle 
and a midline approach. A 20-gauge catheter was in- 
serted into the lumbar epidural space, and epidural 
anesthesia was induced with either etidocaine, 1.5%, 
with epinephrine or bupivacaine, 0.75%. Subse- 
quently, doses of 5 ml of 0.5% bupivacaine were given 
at intervals as needed for surgery, with all patients 
receiving at least one such dose. One hour after the 
last local anesthetic dose and after the arrival of the 
patient at the recovery room, the contents of one of 
the numbered 10-ml vials was injected epidurally and 
the catheter removed. Patients were observed for 24 
hr. Vital signs (temperature, pulse, blood pressure, 
and respiratory rate) and qualitative pain assessment 


using the Linear Analog Pain Scale (10) were recorded 
by one of the investigators or the hospital nursing 
staff, none of whom were aware what medication 
dose had been administered. These measurements 
were recorded at 0.5, 1, 2, 4, 8, 10, 12, 16, and 24 hr 
after the injection of epidural morphine. Additional 
opiate analgesics (morphine, meperidine, dilaudid, 
tylox) were ordered by the patients’ surgeons using 
their routine postoperative orders. The standard in- 
terval for administration was every 4 hr as needed for 
pain relief. The total amount of additional opiate an- 
algesic required during the 24-hr postoperative period 
was recorded, as well as the time of its administration. 

The need for bladder catheterization was noted in 
the knee replacement group whereas the vascular sur- 
gery group had an indwelling catheter as part of the 
surgical routine. All occurrences of other possible ad- 
verse effects such as nausea, vomiting, and pruritus 
were noted. A single arterial blood sample was drawn 
10 hr after the morphine injection for determination 
of Pao, Paco, and pH. It has been shown that the 
maximum depression of the CO; response curve in 
volunteer studies is present between 6—12 hr after 
administration of epidural morphine (11). 

An IBM 370 computer with an SAS statistical pack- 
age was utilized for exploratory data analysis, com- 
putation of summary statistics, and the Jonckheere 
Terpstra test (12). This test is for an increasing treat- 
ment effect with increasing dose of drug. A proba- 
bility of less than 0.05 was considered statistically 


significant. 


Results 


There were no differences with regard to age or sex 
among any of the dose groups in the two surgical 
populations (see Table 1). There was no relationship 
between the dose of epidural morphine and any 
changes in postoperative blood pressure, pulse, res- 
piratory rate, or temperature in either surgical group. 

The median time to first requested analgetic med- 
ication for the four dose groups was 3.8, 13.4, 24.0, 
and 24.0 hr in the femoral-popliteal group and 2.3, 
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Figure 1. Time to first requested parenteral medication after admin- 
istration of study drug (median + quartile). There is a significant 
relationship between time and dose in both treatment groups 
(P < 0.003) and a significant difference between the two control 


groups (P < 0.05). 


7.9, 16.6, and 16.2 hr in the total knee replacement 
group (Fig. 1). There was a significant relationship 
between epidural morphine dose and the time to first 
requested pain medication in both surgical groups. 
There was also a significant difference in the time to 
first request for medication between the two surgical 
control groups. 

The median cumulative parenteral narcotic (in mor- 
phine equivalents), including the epidural dose, ad- 
ministered for the first 24 hours after surgery for the 
four dosage groups was 13 mg, 4 mg, 5 mg, and 10 
mg in the femoral—popliteal bypass group and 26 mg, 
18 mg, 13 mg, and 18 mg in the total knee replacement 
group (Fig. 2). This variable also showed a significant 
dose relationship for only the total knee replacement 
group, but again there was a significant difference 
between the two control surgical groups. 

The number of patients requiring no additional an- 
algesic medication for the first 24 hr is seen in Figure 
3. There is a significant dose relationship for both 
groups. More patients in the femoral-popliteal group 
required no parenteral medication for the first 24 hr 
at all dose levels. 

The 24-hr cumulative time-weighted Visual Analog 
Scale scores (VAHSR) (Fig. 4) showed a significant 
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Figure 2. A comparison of 24-hr postoperative parenteral mor- 
phine requirements in the two surgical groups with the dose of 
epidural morphine (median + quartile). There was a significant 
relationship with dose in the total knee replacement group (P < 
0.03) and a significant difference between the two 0-mg control 
groups (P < 0.01). 


dose relationship in both surgical groups. There was 
no significant difference between the two groups ex- 
cept at the control and 2-mg dose level. 

The incidence of nonrespiratory complications is 
seen in Table 2. There was no relationship between 
dose and the occurrence of nausea, vomiting, pruri- 
tus, or urinary retention in either surgical group. The 
relationship between the dose of epidural morphine 
and resting 10-hr postdrug Paco; (our assessment of 
respiratory depression) is shown in Figure 5. No el- 
evation of Paco, levels above those seen in the control 
group was observed with the 2-mg or 5-mg morphine 
doses in either surgical group. At a dose of 10 mg of 
morphine there was a significant increase in the 10- 
hr resting Paco; in both surgical groups. 


Discussion 

The two groups of patients in this study were chosen 
because of the uniformity of the surgical precedures 
and the fact that our previous qualitative clinical ex- 
perience suggested that they had very different de- 
grees of postoperative pain during the 24 hr after 
surgery. This impression was supported by the ob- . 
servation in control patients that after knee replace- 
ment the onset of perioperative pain occurred earlier, 
the 24-hr parenteral narcotic requirements were greater, 
and the VASHR was higher than it was after femo- 
ral-popliteal bypass. 
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Figure 3. A comparison of the number of patients who requested 
no additional parenteral narcotic for 24 hr and dose in the two 
surgical groups. There is a significant relationship with dose in 
both groups (P < 0.04). 


Our results showed that it is possible to improve 
postoperative analgesia significantly with 5-10 mg of 
epidural morphine when compared to parenteral op- 
iates given every 4 hr (control group), confirming other 
work testing this comparison in dose-response stud- 
ies (3,4,9). 

These data suggest that the intensity of postoper- 
ative pain is impórtant in determining the efficacy of 
opiates administered þy both the epidural and par- 
enteral routes. Both the 24-hr opiate requirements and 
VASHR were lower in the femoral—popliteal control 
group than the total knee control group indicating 
that there was a decreased efficacy in the total knee 
replacement group despite the higher dose of addi- 
tional parenteral medication. Furthermore, the num- 
ber of patients requiring supplemental postoperative 
analgesia was greater for all doses of epidural mor- 
phine in the total knee replacement group than in the 
ferhoral-popliteal bypass group. 

Our data agree with most previous studies (3,4,6) 
that 2 mg of epidural morphine does not provide ad- 
equate postsurgical pain relief. However, some stud- 
ies have found that 2 mg was adequate (5,9). This can 
be explained either by a lesser pain stimulus than was 
seeri here or a greater pain tolerance for equally per- 
ceived pain in their patient groups. 

The 10-mg dose provided the most efficacious pain 
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Figure 4. A comparison between dose of epidural morphine and 
24-hr time weighted Visual Analog Scale pain scores (median + 
quartile). There is a significant relationship for dose in both groups 
(P < 0.01) and a significant difference in the 0-mg and 2-mg dose 
between surgical groups (P < 0.05). 


relief in both patient groups. Patients evidenced a 
significantly lower VASHR, and more patients re- 
quired no supplemental parenteral narcotic analgesia. 
The 5-mg dose was also effective in decreasing the 
VASHR and increasing the time to first requested dose 
of analgesia in both surgical groups. We cannot de- 
termine from our data whether the 10-mg dose was 
more effective than the 5-mg dose due to an increased 
duration or to improved receptor occupancy. Because 
most patients reported no pain for several hours in 
both groups, it seems probable that the higher dose 
produced a longer lasting therapeutic level, support- 
ing the first supposition. The observation that the 
median and quartile range of resting 10-hr Paco, val- 
ues (Fig. 5) are not altered from normal in the 5-mg 
group but are significantly increased in the 10-mg 
dose group at both levéls of stimulus suggests that 
the 5-mg dose is safer in clinical practice. These data 
agree with two other studies that measured 
dose-response curves (3,9). These studies showed 
5 mg or 4 mg epidural morphine were sufficient to 
significantly lower postoperative pain after hyster- 
ectomy or cesarean section, whereas the benefits de- 
rived from 8 or 10 mg were offset by a higher incidence 
of postoperative complications. 

The most worrisome concern when using epidural 
opiates for postoperative analgesia is profound res- 
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Table 2. Incidence of Complications Associated with 
Epidural Morphine in the Combined Study Population, 
Femoral-Popliteal Bypass and Total Knee Replacement 


0 mg 2 mg 5 mg 10 mg 


Nausea 3 5 2 3 

Vomiting 3 3 2 2 

Pruritus 4 Í 3 3 

Urinary retention“ 0 0 1 0 

Severe respiratory 0 0 0 0 
depression 


‘Urinary retention figures are for the total knee replacement group only. 


piratory depression. In our patients we did not ob- 
serve the profound respiratory depression that has 
been reported by others (3,9,13,14). The 10-hr resting 
Paco; increased significantly in patients receiving the 
10-mg dose in both surgical groups. Four patients had 
a PaCo; above 50 mm Hg, but none exceeded 54 mm 
Hg. Profound respiratory depression requiring nal- 
oxone reversal has been observed by others after doses 
of 8 and 10 mg of epidural morphine (3,9,14), and 
there has been one reported case of profound respi- 
ratory depression after 5 mg of epidural morphine (3). 

The latter case is not in agreement with our findings, 

which showed that subjects given a 5-mg dose had 
both normal respiratory rates and normal Paco; 10 
hr after administration. 

Other reported side effects of epidural morphine 
are urinary retention, nausea, vomiting, and pruritus. 
Only one patient in the 5-mg knee replacement group 
required bladder catheterization, a lower incidence of 
urinary retention than reported in normal volunteers 
using 10 mg (11,15). We also found a low incidence 
of both pruritus and nausea and vomiting, neither of 
which was dose related or different from the incidence 
in the control patients who received only parenteral 
opiates. Our incidence is lower than reported in vol- 
unteers (16), and in patients having hysterectomy (3) 
or cesarean sections (5). The latter two studies also 
found a dose relationship for these complications. The 
overall reported incidence of nausea, vomiting, and 
pruritus after epidural opiate administration varies, 
and our data do fall within the reported range 
(4,6,7,8,9). 

In summary, the present data show that highly 
effective postoperative analgesia can be provided for 
patients in the first 16—24 hr after surgerv when a 5- 
or 10-mg dose of epidural morphine in 10 ml saline 
is injected into the lumbar epidural space prior to 
wearing off of local epidural anesthesia block. Whereas 
all doses of epidural morphine yielded better anal- 
gesia than parenteral opiates alone, the effectiveness 
of epidural opiates is both dose related and related to 
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Figure 5. A comparison of Paco, 10 hr after administration and 
dose. There was no relationship between dose and Paco; in either 
surgical group. The 10-mg dose in both surgical groups showed a 
significant rise in Paco; (median + quartile). 


the intensity of the pain stimulus. Because the dif- 
ference in analgesic efficacy between the 5- and 10- 
mg dose is small and the incidence of mild late res- 
piratory depression is significantly higher when the 
10-mg dose is used, we recommend 5 mg epidural 
morphine for clinical practice when morphine is the 
drug chosen for spinal opoid analgesia. 


The authors wish to acknowledge the surgical nursing staff at both 
hospitals for their help in data collection and in providing the care 
necessary to allow completion of this study. 
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Failure of the Platelet-Halothane Nucleotide Depletion Test as a 
Diagnostic or Screening Test for Malignant Hyperthermia 


Beverley A. Britt, MD, FRCP(C), and Elizabeth A. Scott, MSc 


BRITT BA, SCOTT EA. Failure of the platelet-halothane 
nucleotide depletion test as a diagnostic or screening test 
for malignant hyperthermia. Anesth Analg 1986;65:171—5. 


A platelet-halothane nucleotide or bioassay test has been 
suggested as an accurate means for diagnosis of malignant 
hyperthermia (MH). For the last three years we performed 
this test in all patients at risk for MH and in all normal 
control patients undergoing skeletal muscle biopsy in our 
diagnostic unit. The reliability of the platelet-halothane nu- 
cleotide test has been assessed on the basis of the presence 
or absence of a previous MH reaction and degree of rela- 


The diagnosis of malignant hyperthermia (MH) re- 
quires a large muscle biopsy to provide samples for 
the caffeine-halothane contracture test (1,2), which is 
presently the most reliable method of identifying ma- 
lignant hyperthermia susceptible (MHS) persons. Be- 
cause it is highly invasive, expensive, and time con- 
suming, this procedure can be applied to only a small 
portion of those at risk for malignant hyperthermia. 
A reliable, inexpensive, and noninvasive test is there- 
fore urgently needed to enable identification of all 
those at risk within known or suspected MHS families 
and to enable determination of the incidence of MHS 
in the general population. Because MH is now thought 
to be a widespread membrane defect (3), selection of 
tissue for measurement more accessible and expend- 
able than muscle seems appropriate. 

Recently, Solomons et al. have published two ar- 
ticles describing such a test utilizing platelets (4,5). 
The authors chose platelets because they possess cal- 
cium storage vesicles (6-11) and contractile elements 
(12,13) similar to those of skeletal muscle. The pro- 
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tionship of relatives to those who have had reactions, and 
on the basis of caffeine-halothane contracture test values 
(positive or negative for MH). We have found no significant 
difference in platelet-halothane nucleotide test values in ma- 
lignant hyperthermia susceptible (MHS) patients or rela- 
tives of MHS patients and normal controls, and no rela- 
tionship between the nucleotide test and caffeine-halothane 
contracture test results. We conclude that the platelet-halo- 
thane nucleotide test is not of assistance in the diagnosis of 
or in the screening for MH. 


Key Words: HYPERTHERMIA, MALIGNANT. 


cedure is based on the observation that in human 
platelets halothane accelerates the conversion of high 
energy nucleotides (ATP and ADP) to low energy 
nucleotides (hypoxanthine, xanthine, and AMP). This 
conversion of high to low energy nucleotides by halo- 
thane is said to be greater in MHS patients than in 
normal control subjects. The results of this are ex- 
pressed in the form of a double ratio (defined later in 
this paper). 

We have been anxious to have in our armamen- 
tarium a noninvasive screening test in order to min- 
imize the number of invasive skeletal muscle biopsies 
we are presently performing on MHS patients. We 
therefore added the platelet-halothane nucleotide de- 
pletion test to our muscle biopsy investigations. We 
have tried to ensure that our method was as close as 
possible to that of Solomons and Masson (4). 


Methods 


All patients had both a caffeine-halothane contracture 
test and a platelet-halothane nucleotide depletion test 
performed. 


Technique for Measurement of Platelet Nucleotides 


Platelet nucleotides were measured by the method of 
Solomons and Masson (4). The skin was wiped with 
isopropyl alcohol that was then allowed to evaporate. 
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A tourniquet was lightly applied. Two ml of blood 
was drawn from each patient and discarded. Ten ml 
of blood was then drawn into a Vacutainer through 
a 420 needle. Each tube was gently inverted several 
times. The stoppers were then removed. When dif- 
ficulty with venupuncture was encountered, the sam- 
ple was discarded. No refrigeration was employed. 
Each tube was spun in a table top centrifuge with a 
bucket type head at 800 rpm for 18 min. If the platelet 
rich plasma (PRP) was contaminated with erythro- 
cytes the sample was recentrifuged. Then all except 
the last half ml of the PRP was transferred via a plastic 
Eppendorf pipette tip mounted in a Gibson pipette 
into 5-ml Falcon high molecular weight polypropyl- 
ene tubes (75 x 10 mm). The tubes containing PRP 
were capped and gently inverted twice. PRP, 0.4 cc, 
was pipetted into another set of Falcon polypropylene 
tubes (numbers 1, 2, and 3). To each of these tubes 
0.0, 2.0, and 4.0 pl, respectively, of undissolved liquid 
halothane was added by means of a Hamilton syringe. 
The tip of this syringe was placed under the surface 
of each PRP containing tube but was not allowed to 
touch the bottom of the tube. The tubes were then 
immediately tightly capped, mixed by gentle swirling, 
incubated in a water bath at 37°C for 15 min, and 
spun with their caps on to prevent evaporation of 
halothane at 2500 rpm in a table top centrifuge for 2 
min. The supernatants were discarded leaving a plate- 
let pellet. Pellets contaminated with erythrocytes were 
discarded. The tubes were placed on ice, after which 
0.1 ml of clear, cold 0.4M perchloric acid was im- 
mediately added to each tube. The tubes were shaken 
vigorously with a Vortex mixer at maximum speed to 
break up the platelets and release the nucleotides and 
then were allowed to stand for 5-10 min on ice. After 
respinning at 2500 rpm in a table top centrifuge tor 3 
min the tubes were cooled on ice. The supernatants 
(nucleotides dissolved in perchloric acid) were de- 
canted into micro test tubes and placed on ice and 
kept there until analysis the same day. Supernatants 
showing evidence of turbidity were discarded. The 
platelet nucleotides were measured isocratically in a 
Waters high pressure liquid chromatograph (HPLC). 
This was done by first injecting 10 yl of nucleotide- 
perchloric acid mixture into a Waters pu-Bondapak C18 
column and then pumping 0.1M KH;PO, through the 
column at 2 ml/min. The peaks were detected at 254 
nm. The concentration of each nucleotide was derived 
from peak heights. The nucleotide ratio was calcu- 
lated as the following: 


ATP + ADP 


et S E —— i 
xanthine + hypoxanthine + AMP Q) 


The halothane ratio was calculated as the following: 
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nucleotide ratio (R) 

_ in the presence of halothane 
nucleotide ratio (R) 

in the absence of halothane 


x 100 (2) 


We also calculated an ATP ratio: 


ATP in the absence of halothane 


) x 100 (3) 


according to the method of Giger and Kaplan (12). 


Caffeine-Halothane Contracture Test (CHC) 


The CHC test was performed by the method previ- 
ously described by us (1,2). The mM of caffeine re- 
quired to increase the resting tension of isolated skel- 
etal muscle fascicles by 1 g in the absence of halothane 
was termed the caffeine specific concentration (CSC). 
The mM of caffeine required to increase the resting 
tension of isolated skeletal muscle fascicles by 1 g in 
the presence of 1.0 vol% halothane was termed the 
caffeine specific concentration-halothane (CSC-H). 


Classification by Degree of Relationship to 

MHS Patients 

Patients were also classified and analyzed according 
to closeness of relationship of individuals who had 
had MH reactions as follows: 


0, MHS patients who had had one or more previous 
reactions characterized by fever, rigidity, tachy- 
cardia, and metabolic acidosis. 


pel 
E 


First degree relatives of an MHS patient, 1e., 
sibling, parent or offspring. 


2, Second degree relatives of an MHS patient, i.e., 
niece, nephew, aunt, uncle, grandparent, or 
grandchild. 


3, Third degree relatives of an MHS patient, i.e., 
first cousin, grand niece, grand nephew, great 
aunt, great uncle, great grandparent, or great 
grandchild. 

4, Fourth degree relatives of an MHS patient, i.e., 
second cousins. 


Un 


Fifth degree relatives of an MHS patient, i.e., 
third cousins, etc. to tenth degree relatives. 


Classification of Caffeine-Halothane Contracture 

Test Values 

For a patient in our laboratory to be considered pos- 
itive for MH one or more of the following had to be 
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Table 1. Platelet Nucleotide Ratios: Normal Controls vs MHS Patients and MHS and Normal Relatives 


Fifth-tenth 
First degree Second degree Third degree Fourth degree degree 
MHS patients* relatives’ relatives* relatives* relatives' relatives! Control 
n (sample size) 58 88 33 18 16 19 23 
Means 54.26 57.09 52.58 52.44 49.88 58.16 53.57 
SEM 1.77 1.62 1.78 4.23 3.77 3.32 3.07 
Student's t-test” 0.20 1.00 — 0.30 *: 0.22 — 0.76 1.01 


*MHS patients who had had one or more previous reactions characterized by fever, rigidity, tachycardia, and metabolic acidosis. 


‘Sibling, parent, or offspring. 
*Niece, nephew, aunt, uncle, grandparent, or grandchild. 


“First cousin, grand niece, grand nephew, great aunt, great uncle, great grandparent, or great grandchild. 


‘Second cousins (other types of relatives were either dead or not yet born). 


{Third cousins, etc., to tenth degree relatives. 


tMean, mean arithmetic nucleotide ratio. "Student's t-test was not significant (P > 0.05). 


Table 2. Platelet Nucleotide Ratios: Normal Controls vs MHS Patients and MHS Relatives with Various Combinations of 
Caffeine-Halothane Contracture Tests Positive for Malignant Hyperthermia 


H C 
(all patients +ve (all patients +ve 
with halothane) with caffeine) 
n (sample size) 28 84 
Mean arithmetic 60.21 53.69 


nucleotide ratio 
SEM 2.68 1.69 
Student's t-test 1.64 (ns) 0.03 (ns) 


H«C 
(all + ve patients H+C+K 
except type K) (All + ve patients) Control 
88 172 23 
54.03 55.07 53.57 
1.63 1.11 3.07 
0.13 (ns) 0.47 (ns) 


Abbreviations: H, patients with contractures in the presence of halothane alone; C, lower than normal CSC (mild MH); K, patients with lower than 
normal CSC-Hs, i.e., patients with greater than normal responses only in the combined presence of caffeine plus halothane (the most mild variant of MH); 
* ve with halothane, contracture of a muscle fascicle in the presence of halothane alone; + ve with caffeine, lower than normal CSC; ns, not significant. 


present: 1) A contracture of at least 0.1 g in the pres- 
ence of halothane alone (normal control muscle ex- 
hibited no elevation of resting tension in the presence 
of halothane alone); 2) a CSC of equal to or less than 
4.1 mM of caffeine; 3) a CSC-H of less than 1.2 mM 
of caffeine. 

MHS relatives were those persons whose CHC tests 
met the above criteria, who had not themselves had 
MH reactions, but who had one or more relatives who 
had had at least one MH reaction. Normal relatives 
were those persons whose CHC test results did not 
meet the above criteria, who had not themselves had 
MH reactions, but who had one or more relatives who 
had had at least one MH reaction. Controls were those 
individuals who had had CHC tests performed but 
who had no history of MH reactions in themselves or 
in their relatives. 


Classification of Various Combinations of 
Caffeine-Halothane Contracture Test Values 


MH investigators have not yet been able to achieve 
uniformity of performance and interpretation of the 
caffeine-halothane contracture test (1,14—25, H. Ord- 
ing, R. Reynolds, personal communications). This may 


well be because the subjects being tested comprise 
more than one phenotype, or because of inadvertent 
and unnoticed differences in the concentration of 
halothane in the bathing chamber. A few investiga- 
tors believe that only halothane is a useful test agent 
(25, H. Ording, personal communication). A few oth- 
ers use both halothane and caffeine on separate strips 
of muscle but state that halothane provides more valid 
results (16-18). The majority consider that a greater 
than normal response to either halothane alone or 
caffeine alone constitutes evidence for MH, that pa- 
tients who develop contractures in the presence of 
halothane alone nearly always have a lower than nor- 
mal threshold for caffeine-induced contractures, but 
that those with lower than normal thresholds for caf- 
feine-induced contractures do not always exhibit 
halothane-induced contractures (1,19-22,24, R. Rey- 
nolds, personal communication). A few of these in- 
vestigators also recognize that simultaneous appli- 
cation of both halothane and caffeine to the muscle 
is necessary to ensure identification of all mild cases 
(1,19,21,22,24). Thus some very mildly afflicted MHS 
individuals appear to these workers to react normally 
with either halothane or with caffeine alone but to 
develop greater than normal responses in the com- 
bined presence of caffeine and halothane, i.e., to have 
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Table 3. Platelet ATP Depletion: Normal Controls vs MHS Patients and MHS and Normal Relatives 
pecu au ed Ne uad i I LL i LIT m Mn ap ar 


First degree 
relatives"? 


MHS patients" 


Second degree 
relatives? 


Fifth—tenth 


a tt ert ee ieee ne—een recherches 


n (sample size) 58 88 33 

Mean" 46.90 47.85 45.00 
SEM DONA 2.12 1.76 
Student's t-test: 0.23 0.43 #25 


Third degree Fourth degree degree 
relatives? relatives? relatives" Control 
18 16 19 23 
39.44 47.88 48.37 45.9] 
3.72 4.60 3.72 3.67 
— 1.22 0.34 0.47 





“See Table 1 footnotes for definitions. 
"Mean, mean arithmetic ATP depletion. 
"Student's t-test was not significant (P > 0.05). 


Table 4. Platelet ATP Depletion: Normal Controls vs MHS Patients and MHS Relatives with Various Combinations of 
Catfeine~Halothane Contracture, Tests Positive for Malignant Hyperthermia 


H s 
(patients 4 ve (patients ve 
with halothane) with caffeine) 


y 


(patients 4 ve 
only with caffeine 
* halothane) 





H+C 
(all +ve patients 


H+C+K 
(all + ve patients 





n (sample size) 28 84 84 
Mean arithmetic 47.32 44.19 
ATP depletion 
SEM 3.52 1.81 
Student's t-test 0.28 (ns) ~ 0.44 (ns) 


48.26 


0.56 (ns) 


except type K) including type K) Control 
88 172 23 
44.64 46.4] 45.91 
1.74 1.31 3.67 


— 0.33 (ns) 0.13 (ns) 





Abbreviations: H, patients with contractures in the presence of halothane alone; C, lower than normal CSC (mild MH); K, patients with lower than 
normal CSC-Hs, i.e., patients with greater than normal responses only in the combined presence of caffeine plus halothane (the most mild variant of MH); 
* ve with halothane, contracture of a muscle fascicle in the presence of halothane alone; + ve with caffeine, lower than normal CSC: ns, not significant. 


lower than normal thresholds for caffeine induced 
contractures in the presence of halothane. 
The patients, therefore, were classified as follows: 


. C, lower than normal CSC (mild MH). 

2. K, patients with lower than normal CSC-Hs, i.e. 
patients with greater than normal responses only 
in the combined presence of caffeine plus halo- 
thane (the most mild variant of MH). 

3. H, patients with contractures in the presence of 
halothane alone. 

4. H + C, all those with muscle biopsies positive for 
MH excluding type K. 

5. H + C + K, all those with muscle biopsies positive 

for MH including tvpe K. 


pese 


Results 


The results for nucleotide depletion ratios are shown 
in Tables 1 and 2 and for ATP depletion ratios in 
Tables 3 and 4. 

Halothane consistently lowered ATP and ADP lev- 
els and increased xanthine, hypoxanthine, and AMP 
levels. Thus all percent depletions were less than 100— 
often much less so. In spite of the consistency of the 
above changes, all mean nucleotide ratios, including 
those of MHS patients and those of individuals with 


type H muscle biopsies, were less than 609; —the value 
given by 5olomons and Masson as being the percent 
reduction of the nucleotide ratio below which an in- 
dividual is judged to be at an insignificant risk for 
MH (4). In fact, the nucleotide ratio values were ac- 
tually lower in the second to fourth degree MHS rel- 
atives than in normal controls (Table 1). 

Differences in the nucleotide ratios between nor- 
mal controls and MHS patients or MHS first to tenth 
degree relatives, or between normal controls and in- 
dividuals with positive caffeine-halothane contracture 
tests were, in all cases, not statistically significant. The 
results for the ATP ratio were also not significant. 
Thus percent depletions were often lower in MHS 
patients and relatives and in those with biopsies pos- 
itive for MH than they were in normal controls (Tables 
3 and 4). This is the converse of the results obtained 
by Solomons (4). Again, all comparisons with normal 
controls were statistically insignificant. 


Discussion 


Our study does not elucidate the reason for the de- 
crease in the high energy nucleotides and the increase 
in the low energy nucleotides induced in platelets by 
halothane. However, the reduction in ATP and the 
increase in CAMP may be due to stimulation of aden- 
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ylate cyclase by halothane, an action already dem- 
onstrated by Walter et al (26). 

Our results are in essential agreement with those 
of Giger and Kaplan (12) on ATP ratios and with those 
of Verburg et al. on ATP ratios (27), but not with those 
of Solomons et al. (4,5). Unlike Solomons et al., we 
found no statistical difference in platelet nucleotide 
values between normal and MHS patients and no 
relationship between caffeine-halothane contracture 
tests and platelet nucleotide values. 

In conclusion, measurement of the nucleotide ratio 
or the ATP ratio in platelets is not a useful test in the 
diagnosis or screening of MHS patients. 
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Dystrophy Association of Canada. 
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Absence of Interaction of Cimetidine and Ranitidine with 


Intravenous and Oral Midazolam 


David J.. Greenblatt, MD, Ann Locniskar, Bs, Joseph M. Scavone, PharmD, 
Gershwin T. Blyden, MD, PhD, Hermann R. Ochs, MD, Jerold S. Harmatz, BA, and 


Richard I. Shader, MD 


GREENBLATT DI, LOCNISKAR A, SCAVONE JM, 
BLYDEN GT, OCHS HR, HARMATZ JS, SHADER RI. 
Absence of interaction of cimetidine and ranitidine with 
intravenous and oral midazolam. Anesth Analg 
1986;65:176—80. 


Eight healthy volunteers received a single 5-mg intravenous 
dose of the imidazobenzodiazepine derivative midazolam on 
three occasions in random sequence: a, control, with no other 
treatment; b, during coadministration of cimetidine, 300 
mg every 6 hr; c, during coadministration of ranitidine, 
150 mg every 12 hr. Midazolam kinetics in each trial were 
determined from multiple plasma midazolam levels mea- 
sured by gas chromatography for 24 hr after each dose. High 
pressure liquid chromatography analysis of plasma also ver- 
ified compliance with cimetidine (mean level, 0.61 g/ml) 
and ranitidine (mean level, 0.36 ug/ml) regimens. Analysis 
of variance indicated no significant differences in mean val- 
ues for trials a; b, and c in midazolam elimination half-life 


Midazolam is an imidazobenzodiazepine derivative 
currently under evaluation as a parenterally admin- 
istered premedicant and induction agent, as well as 
an orally administered hypnotic agent (1—4). The ma- 
jor metabolic pathway of midazolam in humans in- 
volves hepatic microsomal oxidation, leading to at 
least two hydroxylated metabolites that are subse- 
quently conjugated and excreted in the urine (5). Mida- 
zolam is characterized pharmacokinetically by a large 

volume of distribution, a high value of hepatic clear- 
ance, and a short elimination half-life (1—4,6). 

H-2 receptor antagonists such as cimetidine and 
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(2.25 vs 2.02 vs 2.05 hr), volume of distribution (2.13 vs 
2.14 vs 2.16 Likg) or total clearance (10.8 vs 12.2 vs 12.3 
mbi-min kg). In a second study, six subjects received a 
15-mg oral dose of midazolam on three occasions identical 
to those described above. Again, there were no significant 
differences among trials a, b, and c in midazolam peak 
plasma level (90 vs 95 vs 117 ng/ml), time of peak level 
(0.65 vs 1.45 vs 0.90 hr after dose), elimination half-life 
(3.04 vs 3.38 vs 3.30 hr), or apparent oral clearance (16.2 
vs 14.3 vs 13.8 mimin kg) Thus the usual therapeutic 
doses of cimetidine or ranitidine do not significantly alter 
the kinetics of intravenous or oral midazolam in healthy 
individuals. 


Key Words: GASTROINTESTINAL TRACT, uisrA- 
MINE-ANTAGONISTS. HYPNOTICS, BENZODIAZEPINES— 
midazolam. INTERACTIONS (DRUG), HISTAMINE- 
ANTAGONISTS— midazolam. 


ranitidine are commonly administered in the peri- 
operative period to prevent harmful complications of 
aspiration of acidic gastric contents, or to prevent stress 
ulceration in the postoperative period (7). H-2 antag- 
onists also are widely prescribed for a variety of other 
indications to hospitalized and ambulatory patients 
who may be taking these medications at the time they 
reach surgery. For this reason the possible pharma- 
cokinetic interaction of H-2 antagonists with mida- 
zolam is of potential clinical importance. Cimetidine 
has the well-established property of impairing hepatic 
microsomal oxidation of drugs, leading to reduced 
clearance of other medications metabolized by that 
pathway when coadministered with cimetidine (8,9). 
Ranitidine, on the other hand, appears to lack this 
microsomal inhibiting property and has been impli- 
cated in fewer drug interactions of this type (10). The 
present study evaluated the pharmacokinetic inter- 
action of midazolam, administered both intrave- 
nously and orally, with the H-2 antagonists cimeti- 
dine and ranitidine. 


H-2-ANTAGONIST-MIDAZOLAM INTERACTIONS 


Table 1. Plasma Cimetidine and Ranitidine 
Concentrations Measured during the Intravenous 
Midazolam Interaction Study 


Mean (+SEM) plasma 
concentration (ug/ml) 


Cimetidine Ranitidine 
Time after midazolam administration 
Before .85 + 0.20 47 + 0.11 
4 hr .58 + 0.13 .36 + 0.07 
8 hr .59 + 0.08 24 + 0.10 
12 hr 56 + 0.05 .39 + 0.07 
24 hr .45 + 0.20 .35 + 0.07 
Methods 


The study protocols were reviewed and approved by 
the Human Investigation Review Committee at New 
England Medical Center Hospital. All subjects gave 
written informed consent prior to participation. 


Intravenous Midazolam Study 


Eight healthy volunteers, aged 22—46 yr, participated. 
Five were male and three were female. All were healthy, 
active, ambulatory adults with no evidence of medical 
disease and receiving no other medications. 

Subjects participated in a single-dose, three-way 
crossover study. On each occasion they received a 
single 5-mg intravenous dose of midazolam by 1-min 
intravenous infusion. The three modes of adminis- 
tration were as follows: Midazolam administered alone, 
without concurrent medications (control); midazolam 
given intravenously during ccadministration of ci- 
metidine, 300 mg 4 times daily, beginning 24 hr before 
and continuing for 24 hr after midazolam administra- 
tion; and midazolam given intravenously during 
coadministration of ranitidine, 150 mg every 12 hr, 
beginning 24 hr before and continuing for 24 hr after 
midazolam administration. At least one week elapsed 
between trials, the sequence of which was randomized. 

For each midazolam administration trial, subjects 
received a single 5-mg dose of midazolam base (in the 
form of the hydrochloride salt) by intravenous infu- 
sion into an antecubital vein over a period of 1 min. 
Venous blood samples were drawn through an in- 
dwelling cannula (kept patent by slow infusion of 
physiologic saline), or by venipuncture, into heparin- 
ized Vacutainer tubes. Samples were taken before 
midazolam dosage, just at the end of the infusion, 
and again 5, 15, 30, 45 min, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 
8, 10, 12, 15, 18 and 24 hr later. Blood samples were 
centrifuged and the plasma separated and frozen until 
the time of assay. 
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Figure 1. Plasma midazolam concentrations in a representative vol- 
unteer after a single 5-mg intravenous dose of midazolam in each 
of the three treatment conditions. 


Oral Midazolam Study 


Six healthy male volunteers (different from the sub- 
jects who took part in the intravenous midazolam 
study) participated. All were healthy, active, ambu- 
latory adults with no evidence of medical disease and 
receiving no other medications. ! 

Subjects participated in a single-dose, three-way 
crossover trial. The three modes of administration 
(control, with cimetidine, and with ranitidine) were 
identical to those described above for the intravenous 
midazolam study. At least 1 week elapsed between 
trials, the sequence of which was randomized. 

Subjects fasted for 8 hr before and for 3 hr after 
each midazolam administration. The 15-mg oral tablet 
of midazolam base (in the form of the hydrochloride 
salt) was administered with 100—200 ml of tap water. 
Venous blood samples were drawn as described for 
the intravenous study before the dose and 15, 30, 45 
min, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 15, 18 and 24 
hr later. Venous blood samples were centrifuged, and 
the plasma separated and frozen until the time of 
assay. 


Analysis 

Concentrations of midazolam in all plasma samples 
were determined by electron-capture gas-liquid chro- 
matography, details of which are described previ- 
ously (11,12). The sensitivity limit is approximately 
1 ng of midazolam per ml of plasma. All samples from 
a given subject's set of three trials were extracted and 
analyzed together on the same day using the same 
calibration standards. 

In the intravenous midazolam study, compliance 
with the prescribed cimetidine or ranitidine coadmin- 
istration regimens was verified by measurement of 
cimetidine or ranitidine plasma concentrations, as ap- 
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Table 2. Kinetic Variables for Intravenous and Oral Midazolam 


Control 
Intravenous midazolam, 5 mg (n = 8) 
Distribution half-life (hr) 0.30 + 0.04 
Elimination half-life (hr) 229 350.20 
Vi (L/kg) 0.71 + O41 
Vd (L/kg) 2.13 550.34 
Clearance (ml-min ` tkg`') 10.8 £ 1.4 
Oral midazolam, 15 mg (n = 6) 
Peak plasma concentration (ng/ml) 90 t-27 
Time of peak (hr after dose) 0.65 + 0.10 
Elimination half-life (hours) 3.04 + 0.50 
Total AUC (ng/ml x hr) 297 + 114 
Apparent oral clearance (ml-min '-kg~') 16.2 x 4.4 


“Degrees of freedom: 2,14 for intravenous study; 2,10 for oral study. 
"NS, not significant. 
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Figure 2. Individual and mean ( * SEM) values of midazolam elim- 
ination half-life (left) and total clearance (right) in the intravenous 
midazolam study. Closed circles indicate men; open circles indicate 
women. 5ee Table 2 for statistical analysis. 


propriate, by HPLC (13) in samples drawn before mid- 
azolam administration and 4, 8, 12, and 24 hr after 
midazolam dosage. 


Kinetic and Statistical Analysis 


Plasma midazolam concentrations after intravenous 
infusion of midazolam were analyzed by iterative 
nonlinear least-squares regression technique. Data 
points were fitted to a linear sum of two or three 
exponential terms (14,15). Exponents and infusion- 
corrected coefficients from the function of best fit were 
used to calculate the following kinetic variables: cen- 
tral compartment volume (V;), total apparent volume 
of distribution using the area method (Vd), initial dis- 
tribution half-life, apparent elimination half-life, and 
total clearance. After oral midazolam administration, 


Mean ( € SEM) value ! 
Value of F“ 
from ANOVA 


With cimetidine With ranitidine 


0.25 + 0.02 0.27 + 0.05 0.57 (NS)* 
2.02 + 0.19 2.05 + 0.14 1.24 (NS) 
0.66 + 0.04 0.72 + 0.10 0.36 (NS) 
2.14 + 0.26 2.16 + 0.34 0.01 (NS) 
12.1 + 0.92 12.3 + 1.8 1.50 (NS) 

95 + 30 117 + 32 2.17 (NS) 
1.45 + 0.66 0.90 + 0.40 0.78 (NS) 
3.37 + 0.54 3.30 + 0.67 1.43 (NS) 
267 + 45 332 + 110 0.52 (NS) 
14.3 + 3.0 13.8 + 2.8 1.07 (NS) 
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Figure 3. Plasma midazolam concentrations in a representative vol- 
unteer after a single 15-mg oral dose of midazolam in each of the 
three treatment conditions. 


the apparent elimination half-life was calculated using 
the slope (B) of the terminal log-linear phase of the 
plasma concentration curve. Area under the curve 
until the final data point was determined using the 
trapezoidal method, and extrapolated to infinity by 
addition of the final concentration divided by beta. 
This yielded the total area under the curve (AUC). 
Apparent oral clearance was calculated as the admin- 
istered dose (15 mg) divided by AUC. Also evaluated 
were peak plasma midazolam concentrations and the 
times of peak concentration. 

Analysis of variance for repeated measures was 
used to determine overall differences between treat- 
ment conditions in each kinetic variable. 


Results 


Plasma cimetidine and ranitidine concentrations in- 
dicated good compliance with the prescribed regimen 
(Table 1). Concentrations of these drugs were con- 


H-2-ANTAGONIST-MIDAZOLAM INTERACTIONS 


MIDAZOLAM ORAL CLEARANCE (mi/min/kg) 





MIDAZOLAM ELIMINATION HALF-LIFE (hours) 


Figure 4. Individual and mean (+SEM) values of midazolam elim- 
ination half-life (left) and a nt oral clearance (right) in the oral 
midazolam study. See Table 2 for statistical analysis. 


sistent with those attained during usual clinical use 
of therapeutic doses (16,17). 

Figure 1 shows representative plasma midazolam 
concentration curves after intravenous administration 
of midazolam. Although both male and female sub- 
jects participated in the study, the sample sizes (5 
male and 3 female) were not large enough to allow 
meaningful statistical analysis with stratification for 
gender. Therefore data from all eight subjects were 
analyzed together. There were no significant differ- 
ences between the three treatment conditions in any 
of the kinetic variables for midazolam (Table 2, Fig. 
2). Values of midazolam elimination half-life in the 
control, cimetidine, and ranitidine treatment condi- 
tions were 2.25, 2.02, and 2.05 hr, respectively. Cor- 
responding values for total clearance of midazolam 
were 10.8, 12.2, and 12.3 mkmin ^ kg ^ t, respectively. 
These values are consistent with those reported in 
previous kinetic studies of midazolam in healthy young 
volunteers (1—6). 

Figure 3 shows representative plasma midazolam 
concentration curves in the oral midazolam study. 
Again there were no significant differences between 
treatment conditions in any of the kinetic variables 
for midazolam (Table 2, Fig. 4). Values of elimination 
half-life were 3.0, 3.4, and 3.3 hr, respectively. Cor- 
responding values of oral clearance were 16.2, 14.3, 
and 14.0 mkmin kg !. 


Discussion 

The present study evaluated the potential pharma- 
cokinetic interaction of the H-2 receptor antagonists 
cimetidine and ranitidine with the imidazobenzodi- 
azepine agent midazolam, after both intravenous and 
oral midazolam administration. This and previous 
studies have demonstrated that the total clearance of 
midazolam (known to be accomplished principally by 


ANESTH ANALG 179 
1986;65:176—80 


hepatic microsomal oxidation) falls in the range of 
approximately 50% of hepatic blood flow (1-6). There- 
fore, the clearance of midazolam after intravenous 
administration should be susceptible to the micro- 
somal enzyme inhibiting properties of cimetidine. 
Surprisingly, cimetidine was found to have no sig- 
nificant effect on any of the kinetic variables for mid- 
azolam. This contrasts with the well-established ca- 
pacity of cimetidine to impair the clearance of other 
oxidized benzodiazepines, including chlordiazepox- 
ide (18), diazepam (13,19), desmethyldiazepam (20), 
desalkylflurazepam (21), alprazolam (22), and tria- 
zolam (22). The absence of interaction of cimetidine 
with midazolam was true despite the documented 
attainment of therapeutic plasma cimetidine concen- 
trations (16). Thus the inhibition of hepatic drug ox- 
idation by cimetidine appears not to be invariable. In 
other studies, cimetidine also did not impair the clear- 
ance of the oxidized nonsteroidal antiinflammatory 
agent ibuprofen (23,24). 

Unlike cimetidine, ranitidine has a greatly reduced 
capacity to impair hepatic microsomal oxidation of. 
other medications (10,25). This was verified in the 
present study documenting that coadministration of 
ranitidine, with "therapeutic" plasma ranitidine con- 
centrations verified (17), did not alter the pharma- 
cokinetics of intravenous or oral midazolam. This con- 
trasts with a prior reported interaction of ranitidine 
and oral midazolam (26). 

The present study involved relatively small sample 
sizes, and it is possible that alterations in midazolam 
kinetics due to cimetidine or ranitidine—particularly 
after oral midazolam administration—might have at- 
tained significance had the sample size been larger. 
Furthermore, our study was performed on healthy 
young volunteers and should be further verified in 
other patient populations, including elderly patients 
and those with concomitant diseases. Nonetheless, 
the findings suggest that a clinically important phar- 
macokinetic interaction of intravenous or oral mida- 
zolam with the H-2 antagonists cimetidine or raniti- 
dine is unlikely to occur in clinical practice. 


We are grateful for the assistance of Rita Matlis and the staff of the 
Clinical Study Unit, New England Medical Center Hospital (sup- 
ported by Grant RR-24040 from the United States Public Health 
Service). 
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Halothane and Isoflurane Anesthesia in Pediatric Outpatients 
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KINGSTON HGG. Halothane and isoflurane anesthesia in 
pediatric outpatients. Anesth Analg 1986;65:181—4. 


Halothane or isoflurane was used to induce anesthesia in 
children scheduled for outpatient surgical procedures. Both 
agents were administered at predetermined rates until com- 
parable concentrations in end-expired air were reached. In- 
duction of anesthesia, as well as the time taken before tra- 


cheal intubation was possible, was protracted in patients 
given isoflurane. In the recovery period, the times taken to 
respond to pharyngeal suction, to tracheal extubation, and 
to the first cry were similar for both anesthetic agents. 


Key Words: ANESTHETICS, vo_arite—halothane, 
isoflurane. ANESTHESIA, PEDIATRIC. ANESTHESIA, 
OUTPATIENT. 
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increasing numbers of pediatric minor surgical pro- 
cedures are being undertaken on an outpatient basis. 
In such a setting, anesthesiologists prefer anesthetic 
techniques most likely to be associated with a short 
recovery period uncomplicated by excessive drowsi- 
ness or vomiting. Measures advocated to achieve these 
goals have included the use of preparatory film shows, 
different premedication techniques (1,2), or deliberate 
avoidance of premedication (3), as well as the pres- 
ence of parents in the induction area and less depen- 
dence on pharmacologic agents (4). Inhalation induc- 
tion of anesthesia remains popular in manv centers, 
and because halothane rapidly and predictably 
produces loss of consciousness it has continued for 
nearly three decades as the most popular inhaled agent 
for use in outpatient general anesthesia in children. 
Many pediatric patients are unpremedicated (either 
by preference of the anesthesiologist or due to sched- 
uling difficulties) and may arrive in the operating room 
anxious or crying. Because these patients have ele- 
vated serum catecholamine levels, they could develop 
cardiac dysrhythmias if halothane were used. Iso- 
flurane may be an attractive alternative to halothane 
in outpatient surgery because isoflurane is associated 
with less myocardial sensitization to catecholamines 
(5), and its low blood gas solubility, when compared 
with halothane (1.4 vs 2.3) (6), should be associated 
with more rapid induction of and recovery from anes- 
thesia. However, because increased airway irritability 
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has been reported with the use of isoflurane, contro- 
versy exists as to whether isoflurane is clinically ac- 
ceptable for inhalation induction of anesthesia in chil- 
dren (7,8). 

We administered either halothane or isoflurane to 
unpremedicated pediatric outpatients at a set rate and 
to a predetermined concentration of halogenated agent 
in the expired air. We wished to evaluate whether 
isoflurane is associated with equally rapid induction 
of anesthesia when compared with halothane admin- 
istered at a similar rate, and whether recovery from 
anesthesia is more rapid with halothane or isoflurane. 


Methods 


Forty unpremedicated children between the ages of 
l and 6 yr classified as ASA I were studied. The study 
was approved by the ethics committee of our hospital. 
These children were scheduled for either orthopedic, 
ear, nose, and throat (ENT), general surgical, or urol- 
ogical procedures. The patients were randomly di- 
vided into two groups, A and B, A (n = 20) to receive 
halothane and B (n — 20) isoflurane. On entering the 
operating room ECG leads, a blood pressure cuff, and 
a wrist doppler were attached. In each case the an- 
esthetic was managed by one individual while re- 
cording was done by an independent observer. Be- 
cause it was possible to detect the odor of the anesthetic 
agent used during the induction technique, no at- 
tempt was made to withhold the choice of anesthetic 
agent from the observer. After baseline measure- 
ments of blood pressure and pulse rate, induction of 
anesthesia commenced using 70% nitrous oxide in 
oxygen and a cherry-scented mask. After 1 min the 
halogenated agent was introduced (in each instance 
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Figure 1. Halothane achieved comparable MAC values more rap- 
idly than isoflurane in expired gas during induction of anesthesia. 
Values are expressed as multiples of MAC + SEM. 


using the same calibrated isoflurane and halothane 
vaporizers) starting with 0.25% and increasing by 0.25% 
each 6 breaths. A nonrebreathing, valved delivery 
system was used that allowed analysis of the agent 
by using a precalibrated piezoelectric quartz crystal 
(9). 

Each anesthetic was administered to the same end- 
point concentration in the end-expired air. For com- 
parison the measured expired concentration of each 
agent was converted to the MAC value (in this in- 
stance the MAC of halothane was considered as 0.75% 
and isoflurane as 1.15%) (10). If coughing or breath 
holding occurred, the concentration of the inspired 
agent was decreased by 0.5% and, once the coughing 
ceased, was again increased according to the protocol. 
Once 1.5 MAC of the agent was attained in the ex- 
pired air, this concentration was maintained with ox- 
ygen and nitrous oxide until the end of the surgical 
procedure. The MAC of the anesthetic received by 
the patient therefore included 1.5 contributed by the 
halogenated agent and 0.7 by nitrous oxide. During 
induction of anesthesia, blood pressure, pulse rate, 
and the concentration (MAC) of the halogenated agent 
in the expired air were recorded each minute. The 
time taken to reach conjugated gaze was recorded; at 
this time the vocal cords were sprayed with lidocaine 
and the trachea intubated. The time of tracheal in- 
tubation was recorded. Once the trachea was intu- 
bated the partial pressure of carbon dioxide in the 
expired air (PEco,) was continuously monitored using 
a Hewlett Packard 78345A monitor. This value was 
recorded each minute. All patients breathed sponta- 
neously for the duration of the surgical procedure. 
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Figure 2. Conjugate gaze and intubation of the trachea occurred 
more rapidly with halothane than with isoflurane. Each histogram 
represents time (Secs) + SEM. 


At the conclusion of the surgery, blood pressure, 
pulse rate, and PEco, were again recorded. Anesthesia 
was then discontinued and the patient allowed to 
breathe 100% oxygen. Blood pressure, pulse rate, and 
PEco, were again recorded each minute. Pharyngeal 
suction was repeated at regular time intervals and the 
time taken to respond to pharyngeal suction with a 
catheter and to react to the presence of the endotra- 
cheal tube noted. The trachea was then extubated and 
the patient's airway maintained by firm traction on 
the angles of the jaw. The time taken to the first verbal 
response was recorded. The results were compared 
using Student's t-test for unpaired data, and the null 
hypothesis was rejected when P « 0.05. 


Results 


There was no significant difference between the mean 
ages of the children or the mean duration of surgery 
between the two groups in the study. 


Induction of Anesthesia 


Blood pressure and pulse rate did not significantly 
differ between the groups during induction of anes- 
thesia. The PEco, measured on intubation of the tra- 
chea was similar in the two groups. In children re- 
ceiving halothane, 1.5 MAC was reached in the expired 
air significantly more rapid than when using isoflur- 
ane (Fig. 1). The time taken to reach conjugate gaze 
and to achieve intubation of the trachea was signifi- 
cantly shorter in the halothane group (Fig. 2). 
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Figure 3. During recovery from anesthesia the concentration of 
isoflurane in expired gas decreased more rapidly than did the con- 
centration of halothane. Values are expressed as multiples of MAC 
* SEM. 


Recovery from Anesthesia 


During the recovery period blood pressure, pulse rate, 
and PEco, did not differ between the two groups. The 
end tidal concentration of isoflurane decreased sig- 
nificantly more rapidly during recovery than did the 
concentration of halothane (Fig. 3). The times to re- 
spond to pharyngeal suction and to tracheal extuba- 
tion and to the first cry did not differ between the 
groups. 


Complications 


Four patients given halothane developed transient 
cardiac dysrhythmias (two were nodal rhythms, two 
ventricular premature contractions). One patient given 
isoflurane developed bradycardia; this was associated 
with a stormy induction of anesthesia. Five of the 20 
patients given isoflurane showed airwav irritability as 
manifested by coughing or breath holding, while an- 
other developed postextubation laryngospasm. Onlv 
one patient given halothane developed breath holding. 


Discussion 


The purpose of this study was to evaluate the speed 
of induction of and recovery from anesthesia in un- 
premedicated pediatric outpatients using either halo- 
thane or isoflurane. When administering isoflurane 
to children between 1 and 12 yr of age, Joseph et al. 
(8) found that isoflurane produced a rapid induction 
of anesthesia and described what they felt was a low 
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incidence of reflex activity. Their patients were older 
than the patients in our study and may have been 
better able to cooperate during induction of anes- 
thesia. Their results indicate that either coughing, ex- 
cessive secretions, laryngospasm, or breath holding 
occurred in 12 of the 66 patients studied (19%). In the 
investigation by Joseph et al. isoflurane was not com- 
pared with halothane, and the inspired concentration 
of administered agent was increased every 30 sec. In 
another pediatric study, Pandit et al. (7) compared 
induction of anesthesia using halothane and isoflur- 
ane but described the rate of administration of the 
halogenated agent as being "slow." It is difficult to 
determine, then, whether the rate of administration 
was similar for each agent or whether investigative 
bias could be excluded. 

When calculating the MAC of the agents used, we 
recognized not only the difference in MAC between 
adults and children (11) but also the wide variation 
within the pediatric age group (12). As a result of this 
we used the MAC levels of isoflurane and halothane 
recorded for adults (10) and suggest that because there 
was no difference between the age groups of the chil- 
dren, that the error introduced by this assumption 
would be equal in each group. We attempted also to 
have a fixed end point (MAC 1.5) to anesthesia admin- 
istration to exclude more rapid induction of anes- 
thesia with the better tolerated agent by attaining a 
higher alveolar concentration in a given time period. 
Because the MAC of isoflurane is 50% greater than 
that of halothane, increases in the inspired concen- 
tration based on a percentage (rather than MAC) would 
result in smaller multiples of MAC in end-expired air 
over a specific time period. But in our study, the con- 
centration of inhaled agent was increased every six 
breaths according to the patient’s acceptance of the 
vapor. Isoflurane was thus delivered at a relatively 
smaller MAC, and it should have been possible to 
increase the concentration more rapidly than with 
halothane, which was not the case (Fig. 1). 

We suggest that when measured at fixed time in- 
tervals the more rapid rise of halothane in the end- 
expired air compared with isoflurane was attributable 
to the higher incidence of coughing and breath hold- 
ing (25%) in the isoflurane group, which undoubtedly 
prolonged the induction of anesthesia. During the 
recovery period, because an MAC of 1.5 for both agents 
was maintained for the duration of the surgical pro- 
cedure, the rate of decrease of the agent in the end- 
expired air was dependent only on alveolar ventila- 
tion and on blood gas solubility. The rate of decrease 
of isoflurane in the expired air was more rapid during 
recovery from anesthesia in patients given isoflurane 


184 ANESTH ANALG 
1986;65:181-4 


(as would be predicted from the lower blood gas sol- 
ubility of the agent), but was of little practical signif- 
icance because the time until response to pharyngeal 
suction, the time to extubation, and the time to phon- 
ation when maintaining traction on the angles of the 
jaw did not differ between the two groups of patients. 

Because the end-expired partial pressure of carbon 
dioxide did not differ between patients receiving halo- 
thane or isoflurane either after induction of or during 
recovery from anesthesia, it is tempting to infer that 
respiratory depression was similar for both agents. 
This should be interpreted with caution because the 
effect of these agents on the cardiac output of our 
patients is not known. Blood pressure and pulse rate 
did not differ in the two groups during induction of 
or recovery from anesthesia. 

In conclusion, when administering halothane or 
isoflurane to unpremedicated children using a tech- 
nique in which the rate of administration was con- 
trolled, induction of anesthesia ánd tracheal intuba- 
tion were more rapid with halothane. Recovery time 
was similar with the two agents. Patients given halo- 
thane had a high incidence of cardiac dysrhythmias, 
which were trivial and disappeared spontaneously. 
We conclude that in pediatric outpatients, isoflurane 
does not appear to offer any advantage over halo- 
thane in either induction of anesthesia or recovery 
from anesthesia. 
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A Regional Anesthetic Technique Compared to General Anesthesia 


for Outpatient Knee Arthroscopy 


Nilesh J. Patel, Mp, Michael H. Flashburg, Mp, Sandor Paskin, MD, and 


Robert Grossman, MD 


Ih 1973, Winnie et al. devised a technique for blocking 
the lumbar plexus, referred to as the “3-in-1 block," 
because with one injection the femoral, lateral femoral 
cutaneous (LFC), and the obturator nerves are blocked 
(1). The area of anesthesia includes the anterior, me- 
dial, and lateral thigh, as well as the periosteum of 
the femur, down to and including the knee (2-7). The 
"3-in-1 block" has been used clinically for operative 
management of fractures of the femoral shaft. It has 
been combined with sciatic nerve block for evaluation 
of acute knee injuries. Though not reported in the 
literature, the “3-in-1 block" would also appear to be 
useful for knee arthroscopy. 

Our initial experience using the “3-in-1 block" for 
knee arthroscopy left two of five patients with pain 
on incision of the lateral side of the knee, an area 
inhervated by the LFC nerve. Subsequently, we de- 
cided to test whether a separate, additional LFC nerve 
block would improve anesthesia for the procedure. 
In the present study, we compared the efficacy of the 
“3-in-1 block," with or without a separate LFC nerve 
block, with general anesthesia for knee arthroscopy 
in our ambulatory surgical center. 


Materials and Methods 


Ninety healthy patients (ASA class I) scheduled for 
outpatient arthroscopy of the knee joint were in- 
cluded in this prospective study after approval by our 
internal review board. Patients believed to need ex- 
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tensive posterior joint manipulation were not ac- 
cepted for the study. All the patients were premed- 
icated with 5-10 mg of diazepam orally 45-60 min 
prior to scheduled operating time. Additionally, pa- 
tients receiving general anesthesia received 0.2 mg of 
glycopyrrolate intramuscularly 30-45 min prior to 
scheduled time of operation. 

Thirty patients (group A) were selected randomly 
for operation under general anesthesia with nitrous 
oxide, narcotic, and oxygen; the remaining patients 
were randomly assigned to two equal groups, groups 
B and C. Patients in group B had both a “3-in-1 block" 
and a separate LFC nerve block, whereas those in 
group C had the "3-in-1 block" alone. The blocks were 
performed in the supine position using à 22-gauge 
needle with an electric nerve stimulator (7) after we 
prepared the groin with alcohol. Quadriceps contrac- 
tion after electrical stimulation was used to identify 
the location of the femoral nerve (8). If 1 ml of local 
anesthetic (1.5% lidocaine or 1.5% mepivacaine) pre- 
vented the contraction, then 19 ml or 24 ml of the 
same solution was injected at the site in group B or 
C, respectively. In group B, an additional 5 ml of the 
same local anesthetic was injected in a fanwise man- 
ner, 2-cm medial and 2-cm caudad to the anterior 
superior iliac spine, above and below the fascia lata 
to block the LFC nerve. In patients of group C, 5 ml 
of normal saline was injected in a similar fashion. 
Epinephrine was not used with the nerve blocks. 

A tourniquet was applied to the thigh, and surgical 
incision was made 20—25 min after injection of the 
local anesthetic in groups B and C. The incidence of 
pain was recorded in both groups as well as the need 
for supplementary anesthetic in the joint, which, if 
needed, was 10 ml of 1% lidocaine with epinephrine 
1:200,000. Patients were given fentanyl, 100 ug, in- 


186 ANESTH ANALG 
1986;65:185-7 


Table 1. Characteristics of Patient Population 
(mean + SD) 





Group A Group B Group C 
Age (yr) 30.8 + 11.2 29:99 16.7 34.0 x 13.3 
Weight (kg) /8.9 5 12.8 75.8 + 16.4 73.4 x 13.3 
Gender 
Male 19 18 15 
Female 11 12 15 
P NS NS NS 


Abbreviation: NS, not significant. 


travenously if discomfort was present during the 
procedure. 

All patients were monitored until discharge from 
our ambulatory surgical center. The incidence of post- 
operative nausea, vomiting, and pain was recorded 
in all the patients. Pain was determined by question- 
ing the patient. Patients were considered ready for 
discharge on a score of 10 when 2 points each were 
assigned for stable vital signs, ability to retain fluids 
orally, ability to void, absence of pain or bleeding, 
and ability to walk. The time for completion of surgery 
to readiness for discharge was considered as recovery 
time and was recorded for all patients. Also, the sur- 
geons' opinions regarding adequacy of muscle relax- 
ation in groups B and C were recorded. Preference of 
anesthetic technique (regional vs general) for a similar 
procedure was also recorded for patients in group B 
and C. The results were analyzed using x^ and un- 
paired Student's t-test to determine significance. A P 
value less than 0.05 was considered statistically sig- 
nificant (9). Results are given as means + SD. 


Results 


Patients in all three groups were comparable in age 
and weight (Table 1). Operative time was 42.1 + 11.2 
min. There were no complications in any of the groups. 
Eight of 30 patients in group C had pain on incision 
compared to only 2 of 30 in group B (Table 2) (P = 
0.05). No patients in groups B and C had sensation 
to pin prick over the medial aspect of the knee, and 
all were unaware when an incision was made there. 
Those who experienced pain on lateral knee incision 
had supplemental local anesthetic injected intraartic- 
ularly by the surgeon, and the procedure was com- 
pleted uneventfully. 

In the postoperative period, before discharge from 
our ambulatory surgical center, only one patient in 
both groups B and C required analgesics for pain, 
compared to eight in group A (Table 3) (P« 0.05). The 
average discharge times from the ambulatory surgical 
center in groups B and C were 57.3 + 9.2 min and 
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Table 2. Number of Patients Experiencing Pain on 
Incision in Groups B and C 








Pain on incision Group B Group C Total 
Present 1 8 9 
Not present 29 22 51 





"P < 0.05 using y^ for test of significance. 


Table 3. Number of Patients Experiencing Postoperative 
Pain after Regional and General Anesthesia 








Patients Patients 
Technique with pain without pain 
Regional anesthesia 1 59 
General anesthesia 87 22 
Total 2 81 





“P < 0.05 using y? for test of significance. 


25.2 t 9.6 min, respectively, whereas that for patients 
receiving general anesthesia (group A) was 95.3 + 
10.3 min (Fig. 1) (P « 0.05). Two patients in both 
groups B and C and five in group A experienced nau- 
sea, vomiting, or both; the difference was not statis- 
tically significant. 

All surgeons were satisfied with the degree of mus- 
cle relaxation with either regional anesthetic tech- 
nique and experienced no difficulty in manipulation 
of the knee joint. All but three patients having re- 
gional anesthesia expressed preference for the same 
anesthetic for a similar procedure, if needed in the 
future. 


Discussion 


The lumbar plexus is formed between two fascial 
planes, unlike the brachial plexus in the axilla, which 
is enveloped in a better defined sheath. The LFC nerve 
(L2, L3) is one of the earlier branches coming off the 
lumbar plexus. Thus a certain minimal volume of local 
anesthetic is needed to block the LFC nerve ade- 
quately, as shown by Winnie et al. (1). Our data in- 
dicate that anesthesia for arthroscopy of the knee joint 
is adequate with either a “3-in-1 block” alone or a '/3- 
in-1 block" and LFC nerve block combined. Analgesia 
is more complete, however, when both nerve blocks 
are performed. All eight patients who experienced 
pain on incision in group C had analgesia over the 
inner aspect of the thigh (obturator distribution), i.e., 
the local anesthetic reached the lumbar plexus. The 
muscle relaxation produced with either regional tech- 
nique was adequate, and both patients and surgeons 
were generally satisfied. Although all the patients in 
the study of Winnie et al. had good anesthesia of the 
lateral thigh, using a paresthesia as an endpoint for 
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Figure 1. Recovery times. 


local anesthetic injection, we found in the present 
study that a separate injection to anesthetize the LFC 
nerve was more effective in providing anesthesia for 
knee arthroscopy. We used a nerve stimulator for 
nerve identification. Electrical stimulation of the fem- 
oral nerve using a stimulator is painless and elimi- 
nates the momentary discomfort of eliciting a pares- 
thesia. In our hands, the lateral side of the knee seemed 
more uniformly anesthetized with a separate LFC nerve 
block than with a “3-in-1 block” alone, based on the 
incidence of incisional pain. 

The adequacy of anesthesia produced by either re- 
gional technique reduced the need for supplementary 
sedatives and analgesics both intraoperatively and 
postoperatively. Also, the short duration of the local 
anesthetic used decreased need for sedatives and nar- 
cotics significantly, and it reduced the recovery time 
compared to general anesthesia, enabling earlier dis- 
charge. Only two patients having regional anesthesia 
had postoperative nausea and vomiting; the need for 
postoperative analgesics was also significantly less. 
Regional anesthesia also allayed some of the fears of 
general anesthesia existing in many patients (post- 
operative nausea and the fear of not waking up again). 
Most of the patients whom we studied desired to see 
the arthroscopy on the television screen, which gave 
them both a better understanding of their disease and 
a sense of involvement. Reasons cited for refusal of 
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regional anesthesia included anxiety and a fear of dis- 
comfort on being awake during the procedure. Most 
of the patients coming for outpatient surgical arthros- 
copy of the knee joint at our institution desire regional 
anesthesia and are informed of less pain when a “3- 
in-1 block" and a separate LFC nerve block are 
performed. 

The “3-in-1 block" and LFC nerve blocks are simple 
to perform. The use of a nerve stimulator makes it 
easier to locate the femoral nerve, which lies 1.0-1.5 
cm lateral to, and in a separate fascial sheath from, 
the femoral artery. The anatomy thereby reduces the 
chances of an intravascular injection. Femoral nerve 
block is also associated with minimal or no discomfort; 
there were no complications in the patients studied. 
Adequate anesthesia develops in 20-25 min, the time 
usually needed for preparation and draping of the 
knee. The blocks can be performed in a separate room 
to save time. The regional technique described above 
produces adequate anesthesia for such maneuvers as 
removal of plica, repair of menisceal tear, and shaving 
of cartilage. 

In our hands, the “3-in-1 block" combined with 
lateral femoral cutaneous nerve block provides better 
anesthesia for outpatient knee arthroscopy than the 
“3-in-1 block" alone. It is a preferred technique for 
patients in whom general anesthesia is not desirable. 
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Anesthetic Management during Therapeutic Disruption of the 


Blood- Brain Barrier 


W. Turney Williams, MD, R. Louise Lowry, MD, and G.W.N. Eggers Jr, MD 





Central nervous system (CNS) malignancies respond 
poorly to peripherally administered chemotherapeu- 
tic agents (1). The primary reason for the poor re- 
sponse appears to be the existence of the blood-brain 
barrier (BBB) and the inability of most cancer chemo- 
therapeutic agents to penetrate it. 

Over the last 15 years, attempts have been made 
to reversibly disrupt the blood-brain barrier to allow 
lipid insoluble compounds with higher molecular 
weights to penetrate into the brain. CNS methotrexate 
levels 10—50-fold higher than those normally produced 
have been achieved in animal studies following bar- 
rier disruption (2). Osmotic BBB disruption with hy- 
pertonic solutions appears to be the most effective 
and reversible technique (3,4) and has been used in 
the treatment of a significant number of patients with 
both primary and metastatic CNS lesions with excel- 
lent results (5). 

Currently, therapeutic BBB disruption is limited to 
clinical trials at relatively few medical centers. Al- 
though other treatment modalities exist, we describe 
our anesthetic experience with patients who present 
for BBB disruption in anticipation of this procedure 
becoming more widespread. 


Methods 


All patients presented to the Department of Neuro- 
surgery with either primary or metastatic CNS le- 
sions. Informed consent was obtained. 

All patients weretreated preoperatively with pheno- 
barbital or phenytoin. Dosages of corticosteroids were 
decreased over several days before being discontin- 
ued prior to the disruption procedure. Cimetidine and 
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all other medications not considered essential were 
discontinued due to the possibility of enhanced CNS 
effects after disruption. Premedication was achieved 
with oral diazepam, 0.1-0.2 mg/kg, and glycopyro- 
late, 0.2 mg intramuscularly, on call to the radiology 
suite. 

Routine monitoring included an ECG, an indwell- 
ing arterial catheter, and a precordial stethoscope. A 
single 16-gauge peripheral venous line was obtained 
after local analgesia. Central venous access was ob- 
tained by routine methods when peripheral venous 
access was considered inadequate. 

Anesthesia was induced with a combination of di- 
azepam, 5-10 mg, fentanyl, 50-100 ng, pancuronium, 
0.5-1.0 mg, and thiopental, 2-6 mg/kg intravenously. 
Tracheal intubation was performed after succinylcho- 
line, 1-1.5 mg/kg intravenously, and ventilation con- 
trolled with 2:1 nitrous oxide:oxygen. All patients were 
hyperventilated to minimize intracranial blood vol- 
ume. Ventilation was adjusted to maintain arterial 
Pco, between 25 and 30 mm Hg. Anesthesia was 
maintained with incremental doses of fentanyl and 

.25-0.5% isoflurane as necessary. Nasogastric tubes 
were placed to limit postanesthetic vomiting. A Foley 
catheter was required due to the diuresis after the use 
of mannitol as part of the disruption procedure. 

The internal carotid or vertebral artery was then 
cannulated percutaneously using the femoral ap- 
proach. Appropriate flow rates for intraarterial infu- 
sion of mannitol were determined radiographically, 
as that flow needed to totally replace internal carotid 
or vertebral blood flow for 20-30 sec without excessive 
reflux into the external carotid artery or the contra- 
lateral vertebral artery. 

A diuresis was established with furosemide 10 mg 
intravenously. Cyclophosphamide, 20-50 mg/kg, was 
given intravenously over 10 min starting 20 min be- 
fore the disruption procedure, so that it would be 
completed approximately 10 min prior to the BBB dis- 
ruption. Cyclophosphamide must be metabolized by 
the liver in order to be active. 
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Atropine in 0.2-0.4-mg increments was given in- 
travenously until a modest increase in heart rate was 
produced. Thiopental, 2-4 mg/kg intravenously, and 
pentobarbital, 100 mg intravenously, were given im- 
mediately prior to disruption. Pen tobarbital, 200 mg, 
was given if seizures occurred with prior disruptions. 

Disruption was accomplished with 250-350 ml of 
25% mannitol injected over 20-30 sec through the 
internal carotid or vertebral artery catheter. One min- 
ute later a radionucleotide was injected intravenously 
for subsequent brain scan documentation of the de- 
gree of disruption, after which the position of the 
internal carotid or vertebral artery catheter was re- 
checked before methotrexate (500-2500 mg) was given 
through the catheter within 5 min. Seizures after the 
methotrexate injection were treated with diazepam, 
5-10 mg intravenously, or thiopental, 2-3 mg/kg in- 
travenously. The angiographic catheter was then re- 
moved and pressure placed on the groin for 10 min. 
The patients were transported to the neurosurgical 
ICU, intubated, and were mechanically ventilated un- 
til awake, alert, and spontaneously able to ventilate 
well, at which time the endotracheal tube was removed. 


Results 


During the past 12 months, 60 BBB disruption pro- 
cedures have been carried out in 15 patients. Ten 
patients are currently receiving monthly treatments. 
The lesions being treated include primary CNS tu- 
mors in thirteen patients and metastatic ovarian ad- 
enocarcinoma and metastatic adenocarcinoma of the 
prostate in one patient each. One patient died within 
8 hr of her fifth disruption, apparently secondary to 
brain stem herniation. One patient died of progres- 
sion of disease. Three other patients have discontin- 
ued treatment because of lack of response or for per- 
sonal reasons. Of the remaining patients, 60-70% have 
improved depending on tumor type. One patient with 
a glioblastoma is believed to be in remission. 

During the mannitol disruption, the ipsilateral face 
visibly blanched, and the pupil dilated. Bradycardia 
and hypotension occurred frequently and were fol- 
lowed by tachycardia and hypertension. Each was 
treated appropriately when necessary. 

Six patients suffered seizures during the proce- 
dure, usually after intraarterial methotrexate was given. 
Seizure activity tended to recur with subsequent dis- 
ruptions. Accordingly, those patients having a seizure 
were then routinely given additional pentobarbital or 
phenytoin prior to subsequent disruption procedures. 
The patients were generally extubated within 2-4 hr. 
A brain scan was obtained 3 hr after the disruption 
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procedure to document its effectiveness. The patients 
were generally discharged 2-3 days after the procedure. 


Discussion 


Patients with space occupying intracranial lesions fre- 
quently have increased intracranial pressure (ICP) or 
reduced intracranial compliance. This has not, how- 
ever, been found to be a significant problem during 
therapeutic disruption of the BBB. Animal studies have 
demonstrated a 1-1.5% increase in brain water after 
BBB disruption (6) whereas initial studies in patients 
in whom ICP was directly monitored demonstrated 
only mild and transient increases in ICP that did not 
exceed 10 mm Hg (7). Some patients have had an 
exacerbation of their preexisting neurologic deficit, 
probably secondary to a combination of steroid dis- 
continuation and iatrogenic increase in ICP. How- 
ever, the increase in neurologic deficit was generally 
transient, resolving in 48-72 hr. One of our patients 
died approximately 8 hr after a BBB disruption pro- 
cedure. However, the procedure was performed in a 
patient already near death from tumor progression. 

The discontinuation of corticosteroids prior to BBB 
disruption is necessary because of their ability to sta- 
bilize the BBB and thus to limit the disruption process 
(8). Although steroid withdrawal could increase ICP 
in patients with intracranial tumors, this has not proven 
to be a significant problem. 

The decrease in heart rate and blood pressure seen 
immediately after mannitol infusion was presumably 
secondary to carotid sinus stimulation. Pretreatment 
with atropine effectively limited the degree of brady- 
cardia and hypotension. 

All our patients had peripheral arterial catheters 
inserted that, while facilitating monitoring of blood 
pressure, were actually placed at the request of the 
neurosurgeons for subsequent monitoring of blood 
pressure and for obtaining arterial blood samples. The 
marked diuresis (2-3 L/hr) produced by the mannitol 
required careful fluid monitoring and serial laboratory 
determinations to avoid hypokalemia and hyper- 
glycemia. 

The osmotic disruption of the BBB, which allows 
increased concentrations of chemotherapeutic agents 
to enter the brain parenchyma, almost certainly alters 
the effects of some of the drugs administered during 
anesthesia. No data are currently available on this 
issue, but it is one that warrants further investigation. 

Although complete data are not yet available, it 
appears that the BBB disruption followed by appro- 
priate chemotherapeutic agents may offer a means for 
both prolongation of life as well as improvement in 
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the quality of life to a population of patients who 
traditionally have responded poorly to peripherally 
administered chemotherapeutic agents. It is a pro- 
cedure which we anticipate will become more com- 
mon and with which anesthesia personnel will need 
to be more familiar. 
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Patients Undergoing Excision of Tracheal and Bronchial Tumors 
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Sanders introduced the use of a Venturi injector for 
jet ventilation of patients undergoing bronchoscopy 
(1). The injector, attached to the open end of the bron- 
choscope, is used to deliver intermittent jets of oxy- 
gen. Oxygen jets entrain two to three times their own 
volume of ambient air, which in turn provides the 
pressure and volume necessary for adequate 
ventilation. 

The principle of jet ventilation via a long narrow 
catheter that functions as an injector has been utilized 
for ventilation of patients undergoing tracheal or 
bronchial surgery (2-6). The technique, although pro- 
viding adequate ventilation, may be associated with 
air entrainment that dilutes the inspired oxygen con- 
centration and predisposes to aspiration of blood and 
debris into the ventilated lung. Also, it is difficult to 
administer inhalation anesthetics during jet ventila- 
tion, and anesthesia has to be maintained with intra- 
venous techniques. 

The present report utilizes the Venturi injector for 
jet ventilation of patients undergoing resection of tra- 
cheal or bronchial tumors. The injector is adapted to 
a long cuffed tracheal tube of small diameter, while 
the entrainment orifice of the injector is connected to 
the anesthesia circuit. The technique ensures a high 
inspired oxygen concentration and facilitates the 
administration of inhalation anesthetics. 


Case Report 1 


A 20-yr-old woman was completely symptom free un- 
til 2.5 yrago when she started to complain of repeated 
episodes of cough, wheezing, and dyspnea. The pa- 
tient was diagnosed as asthmatic but showed no re- 
sponse to antibiotic, corticosteroid, and bronchodi- 
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lator therapy. The condition of the patient deteriorated, 
and she was admitted to the emergency room in se- 
vere respiratory distress. Arterial blood gas tension 
while breathing room air showed a Po; of 34 mm Hg 
and a PCO; of 34 mm Hg. Tracheal tomography re- 
vealed a filling defect suggestive of a tracheal tumor. 
Fiberoptic tracheoscopy under local anesthesia con- 
firmed the presence of a cauliflower-like mass covered 
with normal mucosa. The mass obliterated 90% of the 
tracheal lumen and was arising from the left antero- 
lateral wall of the trachea at the level of the eleventh 
tracheal ring. 

The patient was scheduled for urgent thoracotomy 
for resection of the tracheal tumor and tracheal re- 
construction. Premedication was limited to intramus- 
cular atropine, 0.6 mg. In the operating room, the 
patient was preoxygenated with 100% oxygen for 5 
min. Anesthesia was induced with thiopental (5 mg/kg) 
followed by succinylcholine (1 mg/kg). The trachea 
was intubated with a long cuffed tracheal tube (inner 
diameter 6 mm), the distal end of which was kept 
above the level of the tracheal tumor. A Venturi in- 
jector was adapted to the proximal end of the tracheal 
tube. The entrainment orifice of the injector was con- 
nected to the anesthesia circuit delivering O.-halothane 
(Fig. 1). The pop-off valve of the anesthesia circuit 
was kept wide open. A flow of oxygen at a pressure 
of 50 psi was delivered via the injector. The oxygen 
flow was automatically interrupted by a solenoid valve 
controlled by an electronic timer. Intermittent oxygen 
jets were delivered at a rate of 20 per minute with an 
LE ratio of 1:2. The oxygen jets entrained O;-halothane 
from the anesthesia circuit in order to maintain a high 
level of inspired oxygen concentration and to admin- 
ister the inhalation anesthetic. The concentration of 
halothane delivered by the vaporizer varied between 
2and 3%. 

After we ensured adequate ventilation, a long- 
acting nondepolarizing muscle relaxant, alcuronium, 
was given to maintain neuromuscular block. The pa- 
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Figure 1. Diagram of system used for jet ventilation. The injector 
is connected to the cuffed tracheal tube on one side and to the 
anesthesia circuit on the other side. The injector is driven by in- 
termittent jets of oxygen (50 psi) that are automatically interrupted 
by an electronic timer controlling a solenoid valve. 


tient was then positioned in the lateral position, and 
a right posterolateral thoracotomy was performed. The 
mediastinal pleura over the distal trachea was opened 
at the site where the tumor was palpated. A 1-cm 
longitudinal incision over the tumor was performed, 
and under direct vision the tracheal tube was pushed 
down into the left main bronchus (Fig. 2B). The left 
lung was ventilated by jet ventilation, while the sur- 
geon could easily resect the 2-cm segment of trachea 
involved by the tracheal tumor. Frozen section sug- 
gested the diagnosis of a carcinoid tumor. The trachea 
was reconstructed without tension. The tracheal tube 
was then withdrawn above the suture line, and jet 
ventilation of the two lungs was resumed (Fig. 2C). 
Arterial blood gas tensions before, during, and after 
tracheal reconstruction are shown in Table 1. 

A posterior splint was applied to the head and neck 
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Figure 2. Diagram depicting the position of the tracheal tube before 
resection of the tracheal tumor (A), during tracheal reconstruction 
(B), and after completion of the anastomosis (C). 


to keep the neck flexed postoperatively in order to 
prevent tension on the anastomosis. At the end of 
the procedure, neuromuscular blockade was reversed 
with a mixture of atropine, 0.02 mg/kg, and neostig- 
mine, 0.05 mg/kg, and the patient resumed adequate 
spontaneous breathing. 


Case Report 2 


A 42-yr-old woman was admitted with complaint of 
dyspnea on exertion, productive cough, wheezing, 
and stridor for 3 months. A chest x-ray showed hy- 
peraeration of the left lung and right upper lobe. The 
right, middle, and lower lobes were atelectatic, with 
a shift of the mediastinum to the right. Lung tomog- 
raphy revealed a tumor obstructing the right main 
bronchus. The patient was scheduled for broncho- 
scopy and possible right pneumonectomy. 

The patient was premedicated with glycopyrrolate, 
0.4 mg, morphine, 5 mg, and promethazine, 25 mg, 
intramuscularly 60 min prior to surgery. After preoxy- 
genation, anesthesia was induced with thiopental, 5 
mg/kg, followed by succinylcholine, 1.5 mg/kg. Bron- 
choscopy revealed total occlusion of the right main 
bronchus by a tumor, the upper margin of which 
started about 3 mm distal to the carina. After bron- 
choscopy, the trachea was intubated with a 6-mm 
inner diameter cuffed tracheal tube that was con- 
nected by an injector to: the anesthesia circuit, as il- 
lustrated in Figure 1. As in the first case, the patient 
was ventilated by intermittent oxygen jets delivered 
via the injector, while halothane-O, was entrained 
from the anesthesia circuit. Neuromuscular block was 
maintained by alcuronium. 

A right postero-lateral thoracotomy was per- 
formed. The right main bronchus was opened trans- 
versally at the level of the carina, and the tumor was 
found to originate about 5 mm distal to the site of 
incision. The tracheal tube was pushed into the left 
main bronchus and jet ventilation of the left lung was 
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Table 1. Arterial Blood Gas Tensions (mm Hg) and pH 
before, during, and after Tracheal Reconstruction 
in Case 1 


Flo, Po,  DPco; pH 


Spontaneous breathing 0.2 55 26 7.56 
(preoperative) 

TLV (tube above tumor) 1.0 589 42 7.47 

OLV (left bronchial intubation) — 1.0 91 43 7.45 

TLV (tube above anastomosis) 1.0 600 8 7.45 

Spontaneous breathing 0.2 100 45 7.44 
(postoperative) 


Abbreviations: TLV, two-lung ventilation; OLV, one-lung ventilation. 


continued. A right pneumonectomy was performed; 
the distal trachea and the right main bronchus were 
closed primarily with 3-0 prolene sutures. The tube 
was then withdrawn to the trachea, and jet ventilation 
was continued. At the end of the procedure, neuro- 
muscular blockade was reversed using atropine, 0.02 
mg/kg, and neostigmine, 0.05 mg/kg. Blood gas ten- 
sions before, during, and after reconstruction are 
showed in Table 2. 


Discussion 

Anesthetic management of patients undergoing sur- 
gical excision of tracheal or bronchial tumors is a chal- 
lenge to anesthesiologists who must be able to venti- 
late the patients both before resection, despite 
obstruction of the airway by the tumor, as well as 
during resection and reconstruction when excessive 
air leakage occurs. 

Induction of general anesthesia can be hazardous 
in these patients. Before resection of the tumor, the 
patient may be allowed to breathe spontaneously, us- 
ing inhalation induction and maintenance of anes- 
thesia. As soon as the airway is opened, anesthesia 
may be continued across the operative field by intu- 
bating the distal trachea or the main bronchus by 
sterile tubings connected to the anesthesia circuit (7). 
In patients with severely obstructing tumors, a small 
endotracheal tube can be insinuated past the mass at 
the margin where tumor infiltration is not present (7). 
However, this technique may be risky, because the 
tube may traumatize the tumor and cause bleeding 
that can cause complete obstruction. Also, a tube small 
enough to pass in the obstructed trachea may not 
improve the airway because the thickness of the walls 
of the tube may encroach on the available tracheal 
lumen. Cardiopulmonary bypass has been used for 
the management of patient having near total tracheal 
occlusion or carinal resection (8). However, the need 
for heparinization may present dangers when the re- 
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Table 2. Arterial Blood Gas Tensions (mm Hg) and pH 
before, during, and after Removal of the Bronchial Tumor 
and Reconstruction in Case 2 


Flo, PO,  Pco pH 


Spontaneous breathing 0.2 8 4l 7.39 
(preoperative) 

TLV (tube in the trachea) 1.0 601 27.6 7.50 

OLV (left bronchial intubation — 1.0 156 32 7.45 
during resection) 

OLV (tube in the trachea after 1.0 900 | 30 7.46 
pneumonectomy) 

Svontaneous breathing 0.2 90 47 7.36 
(postoperative) 


Abbreviations: TLV, two-lung ventilation; OLV, one-lung ventilation. 


section and dissection are extensive and complicated 
(7). 

Jet ventilation is effective in the presence of tracheal 
stenosis (9) or airway disruption (10) and has been 
used for ventilating patients undergoing tracheal and 
carinal reconstruction (2-6). Ventilation can be achieved 
readily by intermittent oxygen jets delivered via a long 
thin catheter that functions as an injector. The tech- 
nique provides the surgeon with an unobstructed field 
and ensures adequate ventilation during tracheal re- 
construction. However, the catheter often cannot be 
fixed in the appropriate position, and the danger of 
soiling of the ventilated lung by blood or debris from 
the surgical field is present. Also, the oxygen jets can 
entrain room air that dilutes the inspired oxygen con- 
centration and does not allow inhalation techniques 
of anesthesia. The use of high frequency jet ventila- 
tion can minimize air entrainment and prevents as- 
piration of blood and debris into the open bronchus 
(4,5). 

To facilitate the administration of inhalation an- 
esthetics and to ensure a high inspired oxygen con- 
centration, we used the injector as an interface be- 
tween the tracheal tube on one side and the anesthesia 
circuit on the other side. A long cuffed tracheal tube 
of a small internal diameter (5-6 mm) was used, which 
could be pushed into the distal trachea or the main 
bronchus during resection of the tumor and subse- 
quent reconstruction. The small size of the tracheal 
tube makes it desirable to use jet ventilation. The pop- 
off valve of the anesthesia circuit is kept widely open 
during jet ventilation because ventilation does not 
depend on positive pressure applied via the circuit, 
but rather on entrainment from the circuit; this will 
ensure safety if the solenoid valve is accidentally stuck 
open. 

The technique provides adequate- ventilation be- 
fore and after resection of the tumor, and it allows 
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surgery to be performed easily and in an unhurried 


- 


manner. Also, the jet, instead of entraining room air, 
entrains oxygen and inhalation anesthetics from the 
anesthesia circuit, which is connected to the entrain- 
ment orifice of the injector. This facilitates the admin- 
istration of inhalation anesthesia whenever desired 
and ensures a high inspired oxygen concentration. 
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Effect of Preanesthetic Ranitidine and Metoclopramide on Gastric 
Contents in Morbidly Obese Patients 


Laxmaiah Manchikanti, MD, James R. Roush, MD, and Jerry A. Colliver, PhD 


Obesity ranks as one of the most common medical 
disorders in the United States (1). Extremely obese 
patients face an inordinate risk for aspiration of gastric 
contents because of the combination of increased gas- 
tric volume, reduced gastric pH, increased intraab- 
dominal pressure, and an increased incidence of hia- 
tus hernia (2,3). In recent years, several investigators 
have demonstrated the efficacy of H2-receptor antag- 
onists and metoclopramide for the reduction of gastric 
acidity and volume in various subgroups of surgical 
patients (4-8). Because the effects of ranitidine, met- 
oclopramide, or both have not been studied in mor- 
bidly obese patients, we undertook this prospective 
investigation to evaluate the effect of ranitidine (150 
mg or 300 mg) alone and in combination with met- 
oclopramide (10 mg or 20 mg) on gastric acidity and 
volume in morbidly obese patients undergoing elec- 
tive surgery. 


Materials and Methods 


Fifty morbidly obese adult inpatients scheduled for 
elective surgery were studied. Morbid obesity was 
defined as 100 Ibs (45.5 kg) above ideal weight (3,9). 
All patients fasted for a minimum of 8 hr, and none 
had any gastrointestinal disorders. Obese patients were 
randomly allocated into five groups with 10 patients 
in each group. Patients in group I received neither 
ranitidine nor metoclopramide and served as controls. 
group II patients received ranitidine, 150 mg orally, 
the night before and on the morning of surgery, 
whereas patients in group III received metoclopra- 
mide, 20 mg orally, on the morning of surgery in 
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addition to ranitidine as in group II. Patients in group 
IV received ranitidine, 300 mg orally, the night before 
and on the morning of surgery, whereas group V 
patients received metoclopramide, 10 mg orally, the - 
morning of surgery in addition to ranitidine as in 
group IV. All patients were premedicated with di- 
azepam, 10 mg orally; meperidine, 75 mg intramus- 
cularly, and hydroxyzine, 75 mg intramuscularly, 45-90 
min prior to induction of anesthesia. The protocol for 
this investigation was approved by the Institutional 
Review Committee, and informed consent was ob- 
tained from all the patients. 

After satisfactory induction of anesthesia with thio- 
pental and endotracheal intubation with the aid of 
succinylcholine, a #18 Salem sump was passed into 
the stomach, and all available gastric contents were 
aspirated by suction into a mucus trap. The position 
of the gastric tube was confirmed by insufflation of a 
small amount of air into the stomach through the 
salem sump with simultaneous auscultation over the 
epigastrium. The pH was determined by a Corning 
pH meter using an Ag/Agcl probe combination 
electrode. 

Patients with a gastric pH 2.5 and a volume of 
225 ml were defined to be at potential risk of pul- 
monary damage in the event of aspiration. These fac- 
tors were analyzed in combination and independently. 

Statistical analyses were performed by analysis of 
variance (ANOVA) and the y*-test. One way analyses 
of variance with Duncan's multiple range follow-up 
tests were used to test the statistical significance of 
differences among the means of the five groups. Two 
way (2 x 2) ANOVAs were performed on data for 
the four experimental groups (groups II-V) to test the 
effects of ranitidine dosage both with and without the 
addition of metoclopramide. Overall 5 x 2 y*-tests of 
independence with 2 x 2 y* follow-up tests were used 
to test the significance of differences among the pro- 
portions at risk in the five groups. Results were con- 
sidered statistically significant if the P values were 
less than 0.05. 
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Table 1. Patient Characteristics 


Number of Age 
patients (yr) 
Group I, control 10 42.7 + 4.1 
Group II, ranitidine (150 10 46.4 + 5.4 
mg hs & AM) 
Group IIL, ranitidine (150 10 47.7 €x 4.1 
mg hs & AM) + 
metoclopramide (20 mg, 
AM) 
Group IV, ranitidine (300 10 2.8 + 4.6 
mg, hs & AM) 
Group V, ranitidine 10 52.2 + 3.4 
(300 mg, hs & AM) + 
metoclopramide 
(10 mg AM) 
Direction and N5 


significance of values 


Values are means x SEM, NS, not significant. 
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Height Weight Body mass index 
(cm) (kg) (weight in kg/height in m?) 
166.6 + 2.3 112.3 + 3.4 40.4 + 0.6 
162.8 + 1.8 111.1 + 3.4 41.9 + 0.9 
160.3 + 2.0 1140 223.5 44.1 + 0,7 
164.1 + 1.7 10S «29 40.8 + 0.8 
166.4 + 2.6 116:0. 35.7 41.7 + 0.9 
NS NS Hl>]=W=IV=V 


Table 2. Mean (+ SEM) Values for Duration of Fasting, Drug Dosages, and Time Intervals from Drug Administration in 


Morning to Gastric Sampling 


Time from ranitidine 
and metoclopramide 
administration 


Fasting Ranitidine Metoclopramide in AM to collection 
period dosage dosage of gastric sample 
(hr) (mg/kg) (mg/kg) (min) 
Group | 1L9 x 0.5 — — — 
Group H 99 3-155 1.36 * 0.04 — 143 * 14.8 
Group IH 9.6 + 0.4 1.33 x 0.04 0.178 + 0.006 143 + 12.3 
Group IV 10.6 + 0.6 249 S07 = 164 + 16.3 
Group V 10.7 5:07 2.63 + 0.11 0.088 + 0.004 182 + 16.3 
Direction and I 2d - IH IV 2 VH = IH I V NS 
significance ] IV «V 
of values H= IH -IV-V 


NS, not significant, 


Results 


Statistical information concerning patient character- 
istics, fasting periods, and drug administration for the 
five groups is presented in Tables 1 and 2. Sex dis- 
tribution, age, height, weight, and time from morning 
administration of ranitidine and metoclopramide to 
gastric sampling were similar among the five groups. 
However, the control group (group I) had a signifi- 
cantly longer fasting period than groups H and IH. 
Group HI had a significantly higher mean body mass 
index (weight in kg/height in m?) than the other four 
groups, which did not differ significantly in the other 
groups. 


Gastric pH 


There were significant differences among the five 
groups with respect to mean gastric pH (Table 3). The 


four experimental groups (groups II-V) had a signif- 
icantly higher gastric pH than the control group (group 
D, and the four experimental groups did not differ 
significantly. 

The proportion of patients with pH 2.5 differed 
significantly in the five groups (Table 3). The four 
experimental groups had significantly fewer patients 
(none) with pH 2.5 than the control group, and 
there were no significant differences among the four 
experimental groups. The same pattern of results was 
found for the proportion of patients with pH =5.0. 


Gastric Volume 


Mean gastric volume was significantly lower in the 
four experimental groups than in the control group 
and was not significantly different in the four exper- 
imental groups (Table 4). However, the pooled mean 
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Table 3. Gastric pH Characteristics 








Patients Patients 
Mean with with 
+ SEM Range pH 325 pH 25.0 
Group I 2.32 + 0.38 1.50-5.40 8 1 
(80% } (10%) 
Group H 7.17 + 0.12 6.72-8.00 0 10 
(0%) (100% ) 
Group IH 7.27 = 0.13  6.75-8.05 0 10 
(0%) (100%) 
Group IV 6.96 + 0.14 6.52-7.99 0 10 
(0%) (100%) 
Group V 7.20 + 0.18 6.02-7.99 0 10 
(0%) (100%) 
Direction and | « H-V > H-V I< H-V 
significance 
of values 





(7.0 ml) of the two groups receiving metoclopramide 
(groups HI and V) was significantly less than the pooled 
mean (16.5 ml) of the two groups that received ran- 
itidine alone (groups II and IV). 

There were significant differences among the five 
groups with respect to proportions of patients with 
gastric volumes 225 ml. There were significantly fewer 
patients (none) with gastric volumes =25 ml in the 
two groups receiving metoclopramide (groups III and 
V) than in two of the three groups not receiving met- 
oclopramide (groups I and H). Although fewer pa- 
tients (none) had gastric volume =25 ml in metoclo- 
pramide groups than in the third nonmetoclopramide 
group (group IV), the difference was not statistically 
significant. 

The groups also differed significantly with respect 
to proportions of patients with gastric volumes =50 
ml and 2100 ml. There were significantly lower pro- 
portions of patients in groups III, IV, and V than in 
group I, with gastric volumes =50 ml. However there 
were no significant differences among the groups of 
proportions of patients with gastric volumes = 100 ml. 


Combined Risk of pH and Volume 

The four experimental groups had significantly fewer 
patients (none) with gastric volumes 225 ml and pH 
=2.5, as well as gastric volumes =50 ml with pH =2.5 
than did the control group (Table 4), but the four 
experimental groups did not differ significantly from 
each other. There were thus significantly fewer pa- 
tients at risk in groups II, III, IV and V than in group I. 


Comparison of Obese and Nonobese Controls 


The control group of obese patients (group I) was 
compared with a control group of nonobese patients 


ANESTH ANALG 197 
1986;65:1959 


taken from a previous study in which similar methods 
were used (4). The obese patients were significantly 
heavier and had a significantly greater body mass 
index than nonobese patients (Table 5). In addition, 
the obese patients had a significantly higher mean 
gastric volume and a significantly greater proportion 
of patients with volume 2100 ml than the nonobese 
patients. 


Discussion 


According to most investigators, a gastric pH below 
2.5 and a volume of 25 ml or greater are considered 
critical factors for the development of pulmonary 
damage in adults in the event of aspiration (10,11). 
Vaughan et al. (3) demonstrated that a significant 
number of morbidly obese patients were at risk of 
aspiration. A total of 88% of them had gastric pH 
below 2.5; 85% had gastric volume greater than 25 ml 
at the time of induction of anesthesia. A linear in- 
crease in intraabdominal pressure with increasing 
weight (12) and increased incidence of hiatus hernia 
(13) has also been reported in obese patients. In ad- 
dition, Vaughan et al. (3) hypothesized that abdom- 
inal fat, functioning as an extra peritoneal mass in 
morbidly obese patients, could prolong gastric emp- 
tying time further, leading to an increase in gastric 
volume which in turn may lead to antral distention, 
promoting gastrin release with subsequent increased 
parietal cell secretion. They also consider morbidly 
obese patients as having potentially full stomachs (3). 
Thus obese patients are considered to be at increased 
risk of potential aspiration and pneumonitis should 
aspiration occur. 

The data from this study confirm the potential risk 
of acid aspiration despite overnight fasting in mor- 
bidly obese individuals having elective surgery, as 
8076 of the patients in the control group had a pH 
52.5 and 70% of the patients had gastric volumes =25 
ml, while 60% of the patients had a combination of 
pH 2.5 and volume =25 ml. In addition, 40% had 
gastric volumes =50 ml and 30% had volume =100 
ml with pH =2.5. Ranitidine, 150 mg or 300 mg, ad- 
ministered orally the night before surgery and in the 
morning with or without metoclopramide, increased 
gastric pH —5.0 in all patients in the four experimental 
groups and reduced mean gastric volume in all groups. 
However, ranitidine, 150 mg and 300 mg, reduced the 
proportion of patients with volume «25 ml to 40 and 
20%, respectively. Metoclopramide, 10 mg or 20 mg, 
in conjunction with ranitidine significantly reduced 
mean gastric volume and also reduced the proportion 
of patients with volume =25 ml to 0%. There was no 
difference among the four experimental groups with 
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Table 4. Gastric Volume Characteristics 
Patients 
with Patients 
volume with 
Patients 225 mi Patients Volume Patients 
with and with 2:50 ml with Patients with 
A oume un) volume pH volume with volume volume =100 ml 
Mean + SEM Range 225 ml 529 =50 ml pH 32.5 2100 mi and pH x2.5 
Group I 71.0 + 24.0 8—200 7 6 4 4 3 3 
(70%) (60%) (40%) (40%) (30%) (30%) 
Group II 20.1 + 5.3 5-90 4 0 1 0 0 0 
(40%) (0%) (10%) (0%) (0%) (0%) 
Group III 8.9 + 2.5 1-22 0 0 0 0 0 0 
(0%) (0%) (0%) (0%) (0%) (0%) 
Group IV 12.9 + 4.2 2-45 2 0 0 0 0 0 
(20%) (0%) (0%) (0%) (0%) (0%) 
Group V 5:2 p 12 2-12 0 0 0 0 0 0 
(0%) (0%) (0%) (0%) (0%) (0%) 
Direction and I > H-V I > III-V I > II-V I > IIHI-V I>H=V NS NS 
significance II 7 Ill - V I =M= y 
of values I-II I= 
I= IV 
NS, not significant. 
Table 5. Comparison of Control Nonobese Patients with Morbidly Obese Control Patients 
Control morbidly 
Control nonobese patients obese patients Direction 
(n = 257 (n = 10) of results 
Weight (kg, mean + SEM) 64.9 + 3.7 112.3 + 3.4 O > NO 
Height (cm, mean +t SEM) 167.5 + 17 166.6 + 2.3 NS 
Body Mass Index (mean + SEM) 20.4 + 0.4 40.4 + 0.6 O > NO 
Gastric pH (mean + SEM) 2.89 + 0.38 2.32 + 0.30 NS 
Patients with pH 2.5 16(64%) 8(80%) NS 
Gastric Volume (ml, mean + SEM) 22.3 + 3.8 71.0 + 24.0 O » NO 
Patients with pH 2.5 and vol 225 ml 7(28%) 6(6096) NS 
Patients with pH 32.5 and vol 250 ml 2(8%) 4(40%) NS 
Patients with pH =2.5 and vol 2100 ml 0(0%) 3(30%) O > NO 


‘Data from Reference 4. 
O, obese; NO, nonobese. 


respect to gastric pH. The addition of metoclopramide 
to both regimens had a favorable effect on gastric 
volume. 

Compared to previous studies (3,6), a similar pro- 
portion of morbidly obese patients were found to be 
at risk in the control group. However, although we 
found differences between obese and nonobese pa- 
tients, our results do not agree with those of Vaughan 
et al. (3). They reported that none of the nonobese 
patients had both gastric content volume =25 mi and 
pH =2.5. Comparison of the results in this study with 
those of Wilson et al. (6) in their study of the effects 
of atropine, glycopyrrolate, and cimetidine in mor- 
bidly obese patients, shows that ranitidine appears to 


be slightly superior to cimetidine with respect to its 
effect on gastric pH. Results in the present study are 
also similar to our previous studies in nonobese pa- 
tients with regard to the effects of both ranitidine and 
metoclopramide (4,5). 

The technique employed in this study for the col- 
lection of gastric contents is subject to criticism in that 
the exact location of the gastric tube is not known at 
the time of aspiration of gastric contents and, con- 
sequently, all contents may not be obtained. As a 
result, gastric volumes may be underestimated. How- 
ever, any underestimation would be consistent across 
treatment groups as the comparisons of group means 
and group proportions at risk are equally biased by 
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the use of the technique. Another criticism of our 
study may be directed against the longer fasting pe- 
riod in the control group relative to groups lI and HI. 
However, the difference in the fasting period (11.9 hr 
and 9.9 and 9.6 hr, respectively) would not seem to 
be sufficient to account for the differences in gastric 
content. 

Ranitidine is a highly selective H;-receptor antag- 
onist, more potent than cimetidine with longer du- 
ration of action and presumably with minimal side 
effects. Metoclopramide is a substituted benzamide 
with powerful effects on the lower esophageal sphinc- 
ter, gastrointestinal motility, and vomiting center in 
the brain stem. Both drugs are available in both oral 
and parenteral forms. It is interesting to note that the 
usual adult doses of ranitidine (150 mg or 300 mg) 
and metoclopramide (10 or 20 mg) have had similar 
effects on gastric contents in the reduction of gastric 
acidity and volume in both nonobese (4,5) and mor- 
bidly obese individuals. This observation is an indi- 
cation that the pharmacodynamic effects of these drugs 
are related to ideal weight or lean body mass rather 
than actual weight, which includes a high proportion 
of body fat relative to lean body mass in morbidly 
obese patients. However, we are not aware of any 
data referable to fixed drug pharmacokinetics in gen- 
eral and ranitidine and metoclopramide in particular 
in morbidly obese patients. 

In summary, the risk of aspiration of gastric con- 
tents and acid pneumonitis in morbidly obese patients 
is significantly decreased by the oral administration 
of ranitidine (150 mg or 300 mg) at bedtime and on 
the morning of surgery plus metoclopramide (10 mg 
or 20 mg) in the morning of surgery to reduce gastric 
acidity and volume. 
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Tourette Syndrome: 
Anesthetic Implications 


John E. Morrison Jr, MD, and Charles H. Lockhart, MD 


Tourette Syridrome (TS), familiar to physicians as a 
condition in which patients may exhibit coprolalia 
(profane vocalizations) and echolalia (repetitious 
speech), is actually a complex neuropsychiatric dis- 
order of lifelong duration with onset during child- 
hood (1). The symptoms of TS begin as attention- 
deficit disorders and progress clinically into 
spasmodic, repetitious, stereotyped movements known 
as "tics" (2), often leading to confusion between TS 
and tic douloureux (trigeminal neuralgia). In ad- 
vanced TS, muscle jerking, a more extreme example 
of tics, can vary from mild jerking of the upper part 
of the body to more obvious ballistic-type movements 
that are exacerbated by stress and a variety of other 
stimuli. 

Two cases are presented that characterize the broad 
spectrum of clinical manifestations seen in TS and 
emphasize the problems confronting the anesthe- 
siologist when such patients require elective or emer- 


gency surgery. 


Case 1 


A 28-yr-old male with TS was scheduled for retinal 
surgery after an injury sustained when he was bang- 
ing his head against a wall during an emotional out- 
burst. His róutine medications were haloperidol and 
clonidine; he maintained reasonable control of his 
emotional lability, except when particularly stressed. 
The patient's most pressing concern was that he might 
“lose control” in the operating room, due to his anx- 
iety in anticipation of the operation, or during his 
emergence when he might physically hurt the medical 
personnel caring for him. He also had great fear of 
having a mask placed on his face and felt that he could 
not tolerate it. He had a past history of asthma, with 
no recent exacerbátions, and had undergone general 


Received from the Department of Anesthesiology, The Chil- 
dren's Hospital, Denver, Colorado. Accepted for publication Sep- 
tember 9, 1985. 

Address correspondence to Dr. Morrison, Department of Anes- 
thesiology, The Children's Hospital, Denver, CO 80218. 


© 1986 by the International Anesthesia Research Society 


anesthesia as a child for an appendectomy without 
difficulty. Physical examination was unremarkable with 
the exception of his ophthalmic pathology, and no 
wheezing was noted. 

After a prolonged preoperative interview, during 
which the patient had the opportunity to discuss in 
depth his concerns about his specific anesthetic man- 
agement and establish a personal bond with his anes- 
thesiologist, he received repeated assurances that his 
status was not particularly threatening to the anes- 
thesia staff. He was given his standard morning med- 
ication of haloperidol and clonidine and then pre- 
medicated with niorphine sulphate, 10 mg, and 
hydroxyzine pamoate (Vistaril), 75 mg intramuscu- 
larly. Induction of anesthesia was accomplished with 
intravenous fentanyl, 50 ug, and thiopental, 500 mg, 
plus d-tubocurarine, 3 mg, followed by succinylcho- 
line, 100 mg, to facilitate tracheal intubation. Anes- 
thesia was maintained with enflurane, nitrous oxide, 
and oxygen. The anesthetic was uneventful, and dro- 
peridol was given in the postanesthetic recovery area 
for continued symptomatic control of his behavior. 


Case 2 


A 12-yr-old male was scheduled for elective repair of 
his inguinal hernia. He had been diaghosed as having 
TS several years after a distressing and protracted 
period of time before his hyperactivity and emotional 
lability were recognized as TS. His family had traveled 
extensively for numerous medical consultations and 
opinions, and were now well established using a ho- 
listic approach that seemed to provide best for the 
patient's needs as well as for their own needs. The 
patient took no medications because they previously 
had been unsuccessful in controlling his symptoms 
or had unacceptable side effects. His exacerbations 
were triggered by exposure to aromatic hydrocarbons 
(e.g., perfumes, noxious odors), and the family was 
extremely worried about his exposure to inhalational 
anesthetic agents. During the preoperative interview 
and tour of the operating area, he exhibited some 
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ballistic movements of his arm and also had some 
mild vocalizations resembling grunting. 

At the family’s request, his holistic physician was 
contacted and expressed the belief that halothane and 
thiopental were not specific “triggering agents." With 
that reassurance, as well as the avoidance of per- 
fumes, etc., among the operating personnel, and with 
the provision for postanesthetic recovery in an iso- 
Jation room where he would not be distressed by 
other patients nor have to worry about his own emer- 
gence behavior, he underwent an uneventful general 
anesthetic. No premedication was given. Thiopental, 
160 mg, was administered through an intravenous 
catheter started in the operating room, and anesthesia 
consisted of halothane, nitrous oxide, and oxygen by 
mask. His postoperative course was uneventful, and 
he was discharged the following morning. 


Discussion | 

These two patients typify the diversity of the clinical 
manifestations seen in TS. Cohen et al. (1) have de- 
scribed this entity as an exemplary neuropsychiatric 
disorder of childhood reflecting an interaction among 
genetic, neurophysiologic, behavioral, and environ- 
mental factors. Mast commonly seen in males, the 
progression through several phases, as first described 
by Gilles de la Tourette in 1885, begins with muscular 
jerking (usually of the head, neck, or arms), followed 
by inarticulate vocalizations or cries (often expressed 
as coughing, throat clearing, grunting, and even bark- 
ing), later evolving in some 53% to the demonstration 
of coprolalia (obscenities) or more rarely echolalia 
(echoing back), according to Shapiro and Wayne (3). 
In a general review of childhood tics, 5chowalter notes 
that these patients often exhibit compulsive licking, 
touching, biting, and other complex rituals, even 
though attempting to camouflage their tic behavior 
(2). Such motion might be confused with seizure-like 
activity during induction or emergence of anesthesia. 
While intelligence is generally above average, non- 
specific EEG abnormalities are seen in about one-half 
of the patients. 

Graphic descriptions of early case vignettes by Cohen 
et al. (1) testify to the severe emotional stresses ex- 
perienced by patients with TS and their families, par- 
ticularly during the nondiagnostic period, when pa- 
tients and families experience extreme frustration 
because of the increasingly disturbing behavioral and 
somatic progression of the unusual symptoms. This 
period often results in a sense of mistrust of the med- 
ical profession, and fear of having to adapt to too rigid 
a protocol within a hospital environment. The sense 
of losing control when confronted with a highly emo- 
tional and stressful situation is frequently quite dis- 
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turbing to these patients and their families. This can 
be a major problem for the anesthesiologist as sug- 
gested in the above case reports with their diversity 
of problems (i.e., the purely holistic approach of one 
patient, and the heavy medication preference of the 
other). It is extremely important to appreciate the sense 
of apprehension that exists in the patient and the 
family, and to provide them with an adequate op- 
portunity to convey to the anesthesiologist their spe- 
cific concerns about the hospitalization. Ample time 
must be set aside for the anesthesiologist to accom- 
plish a personal preanesthetic consultation with the 
patient and family and to listen to their explanation 
of TS and to identify their own specific behavioral 
mannerisms. This time-consuming visit provides the 
strongest identification between the anesthesiologist 
and the patient with TS and establishes a relationship 
that will contribute much to the administration of a 
successful anesthetic. It appears from the experiences 
of the two patients described, that the specific anes- 
thetic chosen is less important per se, than the general 
approach taken to the patient by the operating room 
team. We noted no clinical abnormalities that we would 
associate with atypical EEG activity, but such testing 
was not performed perioperatively on these two 
patients. 

At present haloperidol, a butyrophenone, and, more 
recently, clonidine, an a-2-adrenergic agonist, are the 
most effective and frequently used medications for 
symptomatic control of TS. However, side effects such 
as extrapyramidal tract signs, cognitive blunting, and 
lethargy often restrict the clinical use of these medi- 
cations. More recently, pimozide (Orap, McNeil Phar- 
maceuticals), a neuroleptic agent, has been approved 
by the FDA for TS patients with unresponsive or oth- 
erwise uncontrollable tics (4). Of note, however, is 
the occurrence of sudden unexpected deaths in pa- 
tients given high-dose pimozide medication (greater 
than 0.3 mg kg" 'day ^! or 20 mg/day) attributed to 
arrhythmias secondary to the QT interval prolonga- 
tion seen in electrocardiograms of patients receiving 
pimozide. A recent review of the effect of prolonged 
QT interval syndrome by Galloway and Glass (5) out- 
lines the perioperative implications for the anesthe- 
siologist and some recommendations for both pre- 
vention and treatment. The development of tardive 
dyskinesia might also be expected with this medication. 

In summary, patients with the diagnosis of Tour- 
ette's syndrome present a unique challenge to the 
anesthesiologist. The complex social and behavioral 
problems associated with this syndrome and the di- 
versity of clinical scenarios require a thorough pre- 
operative evaluation of these patients. The personal 
contact between the anesthesiologist and the patient 
and family constitutes the basis for a successful an- 
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esthetic, allaying their fears and establishing a bond 
that greatly reduces the exacerbations of the patient's 
motor symptoms resulting in a much smoother peri- 
operative course. Particular attention must be given 
to the patients' medication regimen, especially if the 
neuroleptic pimozide is being used for symptomatic 
control, in view of its association with prolonged QT 
interval syndrome in higher dosages. The motor as- 
pects of the advanced forms of tics (e.g., grunting, 
ballistic motions of the arms, etc.) should not be con- 
fused with atypical or complex seizure-like activity 
during the perioperative period. 
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Loss of Cortical Evoked Responses due to Intracranial Gas during 
Posterior Fossa Craniectomy in the Seated Position 


Armin Schubert, MD, Mark H. Zornow, MD, John C. Drummond, MD, and 


Thomas G. Luerssen, MD 





Sensory evoked responses (SERs) are frequently mon- 
itored to assess the integrity of neural pathways at 
risk for injury during surgical procedures. To be clin- 
ically useful, intraoperative SERs must not only be 
sufficiently sensitive to detect early injury but should 
also spare the operating team frequent disruptive false 
alarms. Because concern has been raised over the oc- 
currence of "false positive" results, i.e., loss of the 
evoked response waveform in the absence of neu- 
rologic injury (1), we call attention to a previously 
unreported artifactual cause for the loss of the cortical 
somatosensory evoked potential (SSEP) during pos- 
terior fossa craniectomy in the seated position. 


Case Report 


A 15-yr-old male patient presented with a long history 
of headache, nausea, vomiting, and weight loss. 
Physical examination revealed growth retardation, 
absence of secondary sex characteristics, ataxia, pa- 
ralysis of conjugate upward gaze, and bilateral pap- 
illedema. An endocrine evaluation confirmed the 
presence of panhypopituitarism, including diabetes 
insipidus, requiring replacement therapy with thy- 
roid hormone, adrenocortical steroids, and vasopres- 
sin. Computerized tomography demonstrated a pin- 
eal mass and attendant obstructive hydrocephalus. A 
ventriculo-peritoneal shunt was inserted with relief 
of the symptoms associated with increased intracran- 
ial pressure. Two weeks later he was scheduled for 
craniectomy and biopsy of the pineal mass. The safest 
approach to the tumor was deemed to be supracer- 
ebellar and infratentorial, performed with the patient 
in the seated position. 
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On the morning of surgery, the patient was brought 
to the operating room unpremedicated. After induc- 
tion of anesthesia with sodium amytal (5 mg/kg), fen- 
tanyl (30 ug/kg), and relaxant, the trachea was intu- 
bated without difficulty. The lungs were mechanically 
hyperventilated to maintain an arterial PCO, of 26-30 
mm Hg. Anesthesia was maintained with 60% nitrous 
oxide (N20) in oxygen, 0.2% isoflurane and fentanyl 
by continuous infusion (3 ug-kg hr ^"). Monitoring 
devices included a radial arterial cannula, an appro- 
priately positioned multiorificed central venous cath- 
eter for aspiration of air, and a precordial Doppler. 
Because of the proximity of the mass to the upper 
midbrain, bilateral median nerve SSEPs were moni- 
tored using a Pathfinder II Electrodiagnostic Moni- 
toring System (Nicolet Biomedical, Madison, WI). 
Stimuli were delivered to the median nerves at the 
wrist via platinum subdermal needles at a rate of 4.1 
stimuli/sec. Evoked responses were recorded from gold 
disk electrodes positioned over the ipsilateral brachia, 
plexus at Erb's point and over the contralateral sen- 
sory cortex, 2 cm posterior to the C3 and C4 positions 
(International 10-20 system). All active electrodes were 
referenced to an electrode on the forehead (FPz), and 
the ground electrode was located over the mastoid 
process. Bandpass filters were set at 30 and 250 Hz. 
Baseline SSEPs were obtained shortly after induction 
with the patient in the supine position. Repeat SSEPs 
obtained with the patient in the seated position were 
unchanged from baseline (Fig. 1). SSEPs were re- 
corded at approximately 10-min intervals throughout 
the procedure. 

A suboccipital craniectomy was performed. The dura 
was then opened so that it was hinged superiorly on 
the transverse sinus. Ten minutes later, during dis- 
section of the superior cerebellum from the tentorium, 
a marked reduction in cortical SSEP amplitude (ini- 
tially without a change in latency) was noted bilat- 
erally. Shortly thereafter, the cortical SSEP was no 
longer recognizable (Fig. 1). Adequate stimulus de- 
livery was verified by the persistence of the Erb's 
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Figure 1. Cortical evoked response waveforms recorded during the 
procedure. 


point potential. The recording equipment was checked 
for electrical malfunction. Electrode impedances con- 
tinued to measure less than 3 kOhms. There were no 
changes in blood pressure (mean 65 mm Hg at head 
level), core temperature, or level of anesthetic being 
administered. Blood gas analysis showed an arterial 
Po, of 221 mm Hg and a Pco; of 28 mm Hg. The 
surgical team felt that the dissection being carried out 
at that point was too superficial to account for the 
loss of the cortical SSEP waveform. We considered 
position-related high spinal cord compression as a 
consequence of hyperflexion of the neck and the oc- 
currence of paradoxical venous air embolism, but 
reevaluation of the patient's position did not reveal 
excessive flexion, nor had there been any evidence of 
air embolism by precordial Doppler. Rather, the close 
temporal relationship of the SSEP loss to dural open- 
ing, the (at least initial) absence of latency changes, 
and the remoteness of the ongoing surgical dissection 
from the monitored neural pathway led us to suspect 
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Figure 2. Lateral skull x-ray film obtained with the patient in the 
seated position at the time of achieving an airtight seal of the 
intracranial compartment. A large accumulation of gas is seen over 
the vertex. The cortical electrodes (E) appear to overlie the intra- 
cranial gas pocket. 


artifact rather than injury as the cause for the SSEP 
change. Specifically, we suspected that the loss of the 
evoked response might be a recording artifact occa- 
sioned by the entry of air into the subdural or sub- 
arachnoid space. No intervention was made, and the 
surgery proceeded uneventfully. As soon as an air- 
tight seal of the intracranial compartment was achieved 
by surgical closure, N-O was discontinued to decrease 
the risk of tension pneumocephalus. A lateral skull 
x-ray film obtained at this time demonstrated a large 
accumulation of intracranial gas beneath the cortical 
SSEP recording electrodes (Fig. 2). Thirty minutes after 
elimination of N-O from the inspired gas, with the 
patient still in the seated position, repeat skull films 
showed the persistence of a large amount of intra- 
cranial gas (Fig. 3). In the antero-posterior view, the 
cortical surface of the brain was separated from the 
recording electrodes by a gas space measuring ap- 
proximately 3 cm (without allowance for magnifica- 
tion due to x-ray technique). SSEPs continued to show 
the absence of recognizable cortical waveforms with 
preservation of Erb’s point potentials. The patient was 
then placed in the supine position and the headholder 
removed. An SSEP obtained 7 min thereafter showed 
cortical waveforms that closely resembled the baseline 
recordings (Fig. 1). Simultaneously, a lateral skull film 
revealed migration of intracranial gas away from the 
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Figure 3. Antero-posterior (A) and lateral (B) skull films obtained immediately before removal of the headholder and assumption of the 
supine position. Note the characteristic appearance of subdural gas in A, outlining the falx and tentorium (2). Approximately 3 cm of gas 


separate the SSEP disk electrodes (arrows) from the cortical surface. 


recording electrodes and towards the region of the 
frontal poles (Fig. 4). Isoflurane (0.2%) and the fen- 
tanyl infusion were discontinued. The patient awak- 
ened promptly and was extubated in the operating 
room where he responded appropriately to questions 
and commands and was free of neurologic deficit. He 
continued to do well and was discharged from the 
hospital 4 days after surgery. 


Discussion 


The clinical utility of evoked responses as monitors 
of intraoperative neural injury depends considerably 
on the physician's ability to distinguish nonpathologic 
SER changes from pathologic ones. Many factors are 
known to affect evoked response waveforms during 
surgery and anesthesia (2). These include inhalation 
anesthetics, narcotics, barbiturates, and other seda- 
tives; surgical and position-related trauma to the neural 
pathway at risk; hypoxia, ischemia, and hypothermia; 
as well as a variety of technical factors including 
equipment malfunction and high electrode impedance. 

All of these factors were reviewed and none could 
account for the dramatic loss of the cortical SSEP in 
our patient. Only then was the presumptive diagnosis 
of intracranial gas entertained. It seems likely that the 
collection of intracranial gas resulted merely in the 
inability to record the cortical evoked response rather 
than having caused injury to monitored neural path- 


ways. The immediate return of the cortical waveform 
on resumption of the supine position and the fact that 
the patient awakened promptly without neurologic 
deficit speak strongly against the possibility that the 
evoked response changes were due to pressure-re- 
lated injury produced by the pocket of intracranial 
gas. Furthermore, the brain was slack, and it was the 
opinion of the surgeons that the supratentorial space 
was in free communication with the atmosphere via 
the sudural or subarachnoid space, and that a tension 
phenomenon was unlikely. The absence of gas—fluid 
levels on x-ray further supported this opinion, indi- 
cating that little, if anv cerebrospinal fluid could have 
been present to prevent free communication between 
the intracranial gas space and the atmosphere during 
the dissection. Therefore we suggest that the ob- 
served changes were the result of intracranial gas act- 
ing as an insulator between the neural generators of 
the near-field cortical potential and the recording elec- 
trodes, thus preventing the detection of the electrical 
signals which make up an evoked response waveform. 

In summary, this report reaffirms that large amounts 
of intracranial gas can accumulate during craniectomy 
in the seated position (3-8), particularly in patients 
with functioning ventriculo-peritoneal shunts (9-11), 
and suggests that such gas pockets may interfere with 
the monitoring of cortical somatosensory evoked re- 
sponses. Although artifactual in the sense of not hav- 
ing been the result of neural injury, a loss of the SSEP 
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Figure 4, Lateral skull x-ray film taken 7 min after the patient had 
been placed in the supine position. The intracranial gas pocket is 
now seen in the region of the frontal poles, away from the cortical 
electrodes (E). 


under these circumstances may nevertheless serve a 
useful function. It can alert the operating team, as it 
did in our case, to the possibility of accumulating 
intracranial gas. An awareness of the presence of an 
intracranial gas space may be relevant to interpreta- 
tion and management of a "tight" brain during a cra- 
niotomy and may contribute to decisions regarding 
the use or omission of nitrous oxide (12-14). Knowl- 
edge of the presence of intracranial gas may also be 
important in the evaluation and treatment of delayed 
awakening following neurosurgical procedures (10). 
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Note Added in Proof 


Subsequent to the submission of this report, a similar 
event has been described (McPherson RW, Toung TJK, 
Johnson RM, Rosenbaum AE, Wang H. Intracranial 
subdural gas: a cause of false positive change of in- 
traoperative somatosensory evoked potential. Anes- 
thesiology 1985;62:816-9). 
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Hemolysis after Administration of High-Dose Fentanyl 


Hitoshi Furuya, MD, and Fukuichiro Okumura, MD 


Because we have encountered instances of hemolysis 
after administration of high-dose fentanyl, a compli- 
cation not previously reported, we designed a study 
to clarify clinically and experimentally the causes of 
hemolysis after the administration of high-dose 
fentanyl. 


Methods 


To confirm the association of hemolysis and fentanyl, 
ten patients scheduled for coronary artery bypass graft 
were studied with their informed consent. None had 
a history of hemolytic disease. In seven patients anes- 
thesia was induced with high dose fentanyl (0.037 
mg/kg of fentanyl, 0.74 ml/kg of fentanyl citrate so- 
lution), given intravenously in 3 min, and intubation 
was performed after administration of 0.16 mg/kg of 
pancuronium bromide. Additional fentanyl (0.053 
mg/kg of fentanyl, 1.06 ml/kg of fentanyl citrate so- 
lution) was given before sternotomy, approximately 
20 min after induction. As the control, three patients 
were anesthetized by slow induction with 1-3% halo- 
thane and 50% nitrous oxide and intubated with the 
aid of pancuronium bromide. Heparinized blood was 
collected from the radial artery before induction of 
anesthesia, after intubation, and after sternotomy. 
Serum was separated from the blood by centrifuga- 
tion at 1500 rpm for 5 min, and serum hemoglobin 
was measured by the method mentioned below. 

To clarify the cause of hemolysis, an in vitro study 
was also performed. Ten ml of heparinized blood was 
collected from the median cubital veins of five vol- 
unteers. The blood was then washed by normal saline 
and centrifuged at 1500 rpm for 5 min to remove the 
buffy coat. This procedure was repeated three times, 
after which saline was added to prepare a solution of 
red blood cells in saline with a hemoglobin content 
of 10 g/dl. One-tenth ml of a solution containing 1.25, 
2.5, or5 ug of fentanyl with 50 ug of paraoxybenzoate 
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methyl and 5 ug of paraoxybenzoate propyl per 0.1 
ml, respectively, were added to 2.9 ml of the solution 
of red blood cells in saline. The concentrations of fen- 
tanyl were based upon doses used clinically. One- 
tenth ml of normal saline was also added to the red 
blood cell solution as a control. The solutions were 
then incubated for 10 min at 37°C and centrifuged at 
1500 rpm for 5 min. Hemoglobin concentration of the 
supernatant was measured at 630 nm with a spectro- 
photometer by the benzidine method, and the os- 
motic pressure of the supernatant was measured by 
Fiske's osmometer. Two ml of the commercial fen- 
tanyl contains 0.1 mg of fentanyl, 1 mg of paraoxy- 
benzoate methyl, and 0.1 mg of paraoxybenzoate pro- 
pyl as preservative. Statistical analysis was performed 
by Student's t-test, and P values of less than 0.05 were 
considered significant. 


Results 


In the clinical study serum-free hemoglobin levels of 
patients given high-dose fentanyl increased in pro- 
portion to doses of fentanyl administered, and there 
was no increase of serum-free hemoglobin in patients 
anesthetized with halothane. Mean serum-free hemo- 
globin values in mg/dl were 1.6 before induction, 7.8 
after intubation, and 14.3 after sternotomy in the high- 
dose fentanyl group. The highest value, 26.2 mg/dl, 
was obtained after sternotomy (Fig. 1, Table 1). 

For the in vitro study, mean hemoglobin levels of 
the supernatant of the mixture are shown in Table 2. 
Compared to the control, the experimental group 
showed no significant increase in hemoglobin con- 
centration of the supernatant with fentanyl or pre- 
servatives. Osmotic pressures of the mixture were 
significantly lower than with saline, although still 
within the normal range. The osmotic pressure of 
commercial fentanyl solution is 10 mOsnvL. 


Discussion 

In our clinical study, free hemoglobin levels in serum 
increased in patients given high doses of fentanyl but 
not in patients given halothane, indicating hemolysis 
was due to administration of high-dose fentanyl and 
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Figure 1. Serum hemoglobin concentrations in patients anesthe- 
tized with high dose fentanyl (open circles) and with halothane 
(closed circles). 


Table 1. Free Hemoglobin Concentrations in Serum of 
Patients Given High-Dose Fentanyl or Halothane 


Before After After 
induction intubation sternotomy 


High-dose fentanyl group 1.6 + 0.4 78+ 54 143 + 89 
(mg/dl)(n = 7) 

Halothane group 
(mg/dl)(n = 3) 


High-dose fentanyl group vs halothane group. 
‘Not significant. *P < 0.05. 


132027: 13-03 11+ 0 


CLINICAL REPORTS 


Table 2. Hemoglobin Concentration and Osmotic 
Pressure of the Supernatant of Mixtures Studied in 
In Vitro Experiments 


Hb (mg/dl; Osmotic pressure of the 
mean + SD supernatant (mOsm/L); 
Solution tested (ml) (n = 5) mean + SD (n = 5) 
Saline 0.1 (control) 8.9 + 5.5 294.6 + 1.5 
Distilled water 0.1 11.6 + 4.7* 281.2 + 2.0 
Fentanyl 0.1 8.4 + 3.5* 281.6 + 0.9 
Fentanyl! 0.05 + lILb5boe 25 283.4 + 3.0" 
distilled water 0.05 
Fentanyl 0.025 + A Oe i a7 os 284.0 + 4.1° 
distilled water 0.075 
Preservatives 0.1 10.4 + 1.8 281.3 = 1.3? 
Commercial fentanyl ~= 10 
solution 


See text for details. No significant differences in free hemoglobin levels 
with saline and with fentanyl or preservatives, 


not to the surgery performed. In the in vitro study, 
neither fentanyl itself rior its preservatives caused 
hemolysis, at least in clinically effective concentra- 
tions, and the osmotic pressures of the mixtures were 
not sufficiently changed to causehemolysis. The most 
likely reason for hemolysis associated with high-dose 
fentanyl anesthesia under clinical conditions thus ap- 
pears to be rapid administration of a large volume of 
hypotonic fentanyl solution into à peripheral vein with 
resulting hypotonic hemolysis. Large volumes of fen- 
tanyl therefore should be injected slowly or admin- 
istered after being mixed with an isotonic fluid, even 
though the clinical significance of the hemolysis we 
observed remains to be defined. | 
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Letters to the Editor 


Malignant Hyperthermia Diathesis 
and Sudden Infant Death Syndrome 


To the Editor: 


Denborough and colleagues reported in 1982 that among 
50 families of sudden infant death syndrome (SIDS) victims 
queried, 13 had a history of anesthetic deaths or serious 
reactions to anesthetics, myopathy, or multiple SIDS (1). 
Muscle biopsy specimens were obtained during elective sur- 
gery from 15 parents of 13 SIDS victims from families with 
a positive family history. Five of the 15 exhibited increased 
muscle contractility when tested for sensitivity to halothane 
and caffeine. They concluded that an acute disorder of my- 
oplasmic calcium metabolism may be responsible for some 
sudden infant deaths. 

To determine whether the family medical histories were 
unique to SIDS families, we used a specially designed and 
pretested survey form to query 51 SIDS families and 97 non- 
9IDS families matched on number of live born children so 
that risk of SIDS would be comparable. The form contained 
questions unrelated to the hypothesis to disguise the pur- 
pose of the survey. 

Fourteen of the 51 SIDS families (27.5%) had a positive 
family history as described by Denborough, compared with 
five of the 97 non-SIDS families (5.2%). The difference in 
proportions is statistically significant (y^ = 14.84, P < 0.001). 
There was no statistical difference in responses to questions 
intended to disguise the purpose of the survey, i.e., heat 
exhaustion, fever reaction to medicine, twins, floppy baby 
diagnosis, cerebral palsy, infantile apnea. All positive re- 
sponses, regardless of the question, were about equally 
divided between maternal and paternal lineages. 

This study not only confirms the medical history asso- 
ciation reported by Denborough et al. but also indicates it 
is relatively unique to SIDS families, and thus may warrant 
further investigation. 

Donald R. Peterson, MD, MPH 
Department of Epidemiology 


University of Washington 

Seattle, WA 98195 

Nora Davis, MD 

Children's Orthopedic Hospital and Medical Center 
Seattle, WA 98105 
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A Method For Securing 
“Piggyback” Infusions! 


To the Editor: 


Surgical patients may require intraoperative infusions of 
vasopressor or vasodilator solutions either alone or to- 
gether. Placement of the intravenous tubing drug infusions 
near the intravenous catheter hub minimizes tubing dead 
space that contributes to delay in onset and the overshoot 
of the desired effects. 

It is our practice to place in line, at the intravenous cath- 
eter hub, infusions of vasopressor or vasodilator solutions 
for all patients undergoing carotid endarterectomy. Optimal 
surgical exposure requires the patients’ arms to be padded 
and tucked by their sides. Thus access to their intravenous 
sites during surgery is difficult, and a secure method for 
placing these infusions is necessary. Needles placed in the 
injection ports of the patient intravenous tubing prove un- 
satisfactory because they may become disconnected and 
may lacerate the tubing. Three-way stopcocks are bulky and 
may become entangled and disconnected during padding 
and positioning of the arms. They are difficult to manipulate 
under the drapes and are associated with a large amount 
of pharmacologic dead space between the stop-cock and the 
intravenous catheter. 

A simple, economical solution to this problem was reached 
by modifying an “extension set with T-piece” (Abbott Hos- 
pitals, Inc., Product # 4612) that we routinely stock for 
pediatric intravenous sets (Fig. 1). The rubber injection port 
is removed. The plastic T is placed in line between the 
patient's intravenous tubing and the intravenous catheter 
hub. The short length of tubing is then connected to the 
drug infusion. The infusions are administered by infusion 
pump to prevent reflux of maintenance intravenous fluid 
into the drug infusion tubing and to provide precise control 
of drug dosages. This makes a compact, flexible, secure 
means for administering drug infusions that has minimal 
propensity for disconnection. Furthermore, T-pieces may 
be placed in series and used to provide simultaneous in- 
fusions such as inotropes and vasodilators in critically ill 
patients. 

This arrangement is used for all carotid artery surgery 
and has been adapted to other procedures. It is a simple, 


‘The opinions or assertions contained herein are the private 
views of the authors and are not to be construed as reflecting the 
views of the Department of Defense or the Department of the Army 
or as endorsing any commercial product or manufacturer. 
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Figure 1. A, Patient IV tubing; B, T-piece in line ready for con- 
nection to IV catheter; C, drug infusion tubing; D, extension set 
with T-piece before modification by removal of rubber injection 
port. 


economical modification of an item that is already available 
in many anesthesia workrooms. 


Charles P. Kingsley, MD, CPT, MC 
Steven I. Schmidt, MD, MAJ, MC 
William J. Reynolds, MD, LTC, MC 
Brooke Army Medical Center 

Fort Sam Houston, TX 78234-6200 








Cholinergic Dysfunction and the 
Anesthetic State 


To the Editor: 


The fact that anesthetic agents interfere with various central 
nervous system transmitter mechanisms has become com- 
mon professional knowledge (1). It is therefore not sur- 
prising that halothane modifies the functioning of the cen- 
tral cholinergic system as reported by Johnson and Hartzell 
(2). We fail, however, to understand why these two inves- 
tigators decided to discuss the mechanism (unitary or non- 
unitary) of the anesthetized state on the basis of their results. 

On the first major flaw of their study we agree com- 
pletely with J.R. Trudell’s editorial (3). The omission of 
testing the studied halothane concentrations in vivo against 
a functioning CNS-cholinergic system (e.g., by providing 
continuous administration of physostigmine) forms the sec- 
ond major objection to the implications drawn from their 
study. We feel that it is misleading to assume that a dys- 
function of the CNS-cholinergic system contributes signif- 
icantly to the production of general anesthesia. We are quite 
aware of the fact that excessive doses of an anticholinergic 
agent may produce a comatose patient. However, any of 
the centrally active drugs in excess may produce coma, yet 
we do not dub them “anesthetic agents.” Furthermore, we 
have shown that central cholinergic blockade is not essential 
for the anesthetic state in a repeated clinical study with 
different inhalation and intravenous anesthetic agents (4). 

Instead of piling one more stone on the wall of contusion 
that obscures the mechanism of anesthesia (3), the results 
of Johnson and Hartzell’s study could have contributed to 
understanding better the recovery from anesthesia. The au- 
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thors should have discussed their data in the light of the 
fact that most inhalational anesthetics produce some CNS- 
cholinergic blockade, which manifests itself as the central 
anticholinergic syndrome during recovery (1). 


Joseph Rupreht, MD, PhD 

Borivoj Dworacek, MD 

Department of Anesthesiology 

University Hospital and Erasmus University 
Rotterdam, The Netherlands 
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Acid Aspiration Risk Factors 


To the Editor: 


We wish to draw attention to an apparent discrepancy in 
the paper entitled "Assessment of Age-related Acid Aspi- 
ration Risk Factors in Pediatric, Adult, and Geriatric Pa- 
tients" (Manchikanti L, Colliver JA, Marrero TC, Roush JR. 
Anesth Analg 1985;64:11—7). In the abstract, the results, and 
the discussion they report a correlation between duration 
of fast and gastric acidity, with the specific comment on 
page 14 that "as length of fasting period increased, pH 
decreased.” Figure 3, which illustrates their data on this 
relationship, clearly shows, however, that as duration of 
fasting period increased, pH increased! This finding (that a 
longer fast results in more alkaline gastric contents) is in 
agreement with a study of our own which is presently in 
preparation. 


B.R. Hutchinson, MB, FFARACS 


A.F. Merry, MB, FFARACS 
Green Lane Hospital 

Green Lane West 

Auckland, 3, New Zealand 


In Response: 


We thank Drs. Hutchinson and Merry for noting the error 
in our description of the relationship between length of 
fasting period and gastric pH depicted in Figure 3 of our 
article. As Drs. Hutchinson and Merry correctly note, the 
results show that pH increased as length of fasting period 
increased. We sincerely regret the error. 


Jerry A. Colliver, PhD 

Division of Statistics & Measurement 

Southern Illinois University School of Medicine 
Springfield, IL 62708 


Laxmaiah Manchikanti, MD 
Department of Anesthesiology 
Lourdes Hospital 

Paducah, KY 42001 
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Nuffield Department of 
Anaesthetics, Oxford 


A Scientific Meeting will be held in Oxford from July 23~25, 
1987, to celebrate the Fiftieth Anniversary of the founding 
of the Nuffield Department of Anaesthetics. This meeting 
will follow the Second World Congress on the History of 
Anaesthesia, which is to be held in London from July 20-23, 
1987. 

Anaesthetists and others who have had connections with 
the Department are invited to write to the Nuffield De- 
partment of Anaesthetics, (Dept. GP/87), Radcliffe Infir- 
mary, Woodstock Road, Oxford, OX2 6HE, England, en- 
closing their full name and postal address so that they may 
be provided with further particulars. 

Professor M.K. Sykes 

Nuffield Department of Anaesthetics 
Untversity of Oxford 

Oxford, England 


Atracurium and Pheochromocytoma 


To the Editor: 


I was most interested in the report by Stirt et al. (1) of the 
use of atracurium in a patient with a pheochromocytoma 
because of my different experience in a similar situation. 

A 31-yr-old man with a left adrenal pheochromocytoma 
was prepared for operation with phenoxybenzamine, 20 
mg, twice daily, metoprolol, 100 mg, twice daily and chlor- 
promazine, 25 mg. One hr after receiving intramuscular 
papaveretum, 20 mg, and hyoscine, 400 ug, he arrived in 
the induction room with an arterial blood pressure of 130/88 
mm Hg and a heart rate of 78 beats/min. Deep sedation was 
achieved with intravenous diazemuls, 10 mg, and fentanyl, 
100 ug, while a radial artery catheter was inserted. Anes- 
thesia was induced with intravenous thiopental, 400 mg, 
followed by atracurium, 30 mg, and manual ventilation of 
the lungs with nitrous oxide, 50%, in oxygen and enflurane, 
1%. The arterial blood pressure increased immediately and 
progressively to 200/120 mm Hg while ventricular bigeminy 
occurred. Control of both this hypertension and the ar- 
rhythmia was achieved with intravenous practolol, 5 mg. 
Tracheal intubation followed, and the blood pressure re- 
turned to normal levels, remaining stable thereafter, apart 
from one reading of 166/110 mm Hg during initial explo- 
ration of the tumor. 

We used vecuronium in a subsequent patient and, like 
Gencarelli et al. (2), were impressed by the stability of the 
blood pressure. Vecuronium may be preferable because 
atracurium releases histamine (3). 

The excellent control of the arterial blood pressure achieved 
by Dr. Stirt et al. in their patient is, perhaps, a tribute to 
deep anesthesia compared to deep sedation and light anes- 
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thesia. The experienced French workers Desmonts and Marty 
(4) also have emphasized the value of deep anesthesia in 
preventing hypertension during induction in these patients. 


Alexander L. Forrest, MB, ChB, FFARCS 
Department of Anesthesia 

Ninewells Hospital 

Dundee DD2 1UD 

Scotland 
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Oxygen Flowmeter Failure on the 
North American Drager Narkomed 
2a Anesthesia Machine 


To the Editor: 


We report an oxygen flowmeter failure on a Narkomed 2a 
anesthesia machine. Our problem developed as oxygen flow 
was interrupted during endotracheal intubation. When we 
attempted to reestablish flow, the oxygen flowmeter control 
knob firmly stopped after opening only about 1/8 of a rev- 
olution. This produced less than 200 ml/min of oxygen flow, 
inadequate for patient ventilation. A parallel air flowmeter 
was used to supply air with which to ventilate the patient. 

The NA Drager Narkomed 2a and other Drager machines 
utilize two pins to effect a stop mechanism for flowmeter 
control knobs. One pin is set into the back of the control 
knob projecting toward the machine. The other is set into 
the machine and projects toward the control knob (Fig. 1). 
The pins engage each other and prevent further knob ro- 
tation when the needle valve stem just seats in its orifice. 
This stop mechanism prevents the needle tip from over- 
turning into the seat and prevents damage to the valve. 
When the flowmeter valve is opened, the knob and its pin 
move away from the machine with each revolution. The 
knob is adjusted on the stem so that the pins just clear after 
one opening revolution and separate further with subse- 
quent turns. 

The failure occurred when the knob was turned clock- 
wise, past the off position where the pins usually engage. 
Closure was presumably stopped by impaction of the valve 
stem in the seat. When we attempted to reopen the valve, 
the pins engaged in a reversed relationship, preventing 
further rotation and full flow. 

Our flowmeter was eventually unstuck by applying trac- 
tion to the knob as the valve was opened. Repair was ef- 
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Figure 1. The orientation of the pins that effect a stop mechanism 
is illustrated. Inset demonstrates how the valve locked closed. 


fected by repositioning the knob on the valve shaft. This 
mechanism of flowmeter failure and its resolution should 
be known by all who use NA Dräger anesthesia machines. 


George W. Rung, MD 


Arthur J. L. Schneider, MD 
Department of Anesthesia 

The Milton S. Hershey Medical Center 
The Pennsylvania State University 
Hershey, Pennsylvania 17033 








Vecuronium and Malignant 
Hyperthermia 


To the Editor: 


The conclusions drawn by Buzello et al (1) regarding the 
nontriggering characteristics of vecuronium in malignant 
hyperthermia (MH) susceptible pigs is disturbing. It may 
be true that vecuronium, like pancuronium, is a nontrig- 
gering agent, but this study does not suppport that 
conclusion. 

The most significant results are those of pig 1. The au- 
thors blame 3 hr of surgical stimulation for triggering this 
pig, because its temperature increased 1.9°C over the 3 hr. 
However, at the end of surgery there was no tachycardia, 
and the end-tidal CO, (ETco,) and mixed-venous oxygen 
(SVo,) were normal. Then, after only 22 min of the vecu- 
ronium infusion, the heart rate rose to 263 beats/min, the 
temperature increased to 44.9°C, the ETco; increased from 
23 to 102 torr, and the SVo, decreased from 96 to 23%. It 
would seem that this pig triggered during those 22 min, 
and not during surgery. 

Pig 1 may have been the most MH-susceptible of the 
eight; because the pigs were from an outbred colony, their 
spectrum of susceptibility would be quite broad. Perhaps 
this is why only one of eight pigs triggered on exposure to 
vecuronium, especially if it is only a weak trigger of MH. 
The fact that pig 1 had been exposed to vecuronium on two 
previous occasions without incident is irrelevant. Pig 1 may 
not have been as susceptible as an inbred MH-susceptible 
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pig and would not consistently trigger on exposure to a 
triggering agent. There is a case of a human MH-susceptible 
patient who triggered on his thirteenth anesthetic exposure 
(2). 

Is it possible that vecuronium potentiates the triggering 
effect of halothane? Two of the other seven pigs (numbers 
5 and 8) triggered after only 4 min of exposure to halothane. 
The authors do not mention how susceptible these two pigs 
were on their initial halothane screening tests. Perhaps the 
exposure time to halothane is decreased in the presence of 
vecuronium, making vecuronium a weak trigger of MH. 

The authors describe their pigs as coming from an outbred 
colony and refer to an abstract they published in 1984. The 
abstract states that the tested pigs were from an inbred 
colony. This discrepancy needs to be clarified in light of the 
results. Also, the authors refer to "the surgical procedure" 
without giving details. The procedure or procedures (if dif- 
ferent for each pig) done also could affect the results. 

In conclusion, the results speak for themselves. One pig 
out of a group of eight MH-susceptible outbred pigs trig- 
gered on exposure to vecuronium. The authors explana- 
tions for this are questionable because they do not fit the 
results as presented. Vecuronium may be safe in MH-sus- 
ceptible pigs and patients, but this paper does not prove 
this. 


Gregory C. Allen, MD 
Department of Anesthesia 
Ottawa Civic Hospital 
1053 Carling Avenue 
Ottawa, Ontario KIY 4E9 
Canada 
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Prolonged QT Interval Syndromes 


To the Editor: 


In their review of prolonged QT interval syndromes, Drs. 
Galloway and Glass discuss that the most accepted theory 
of the congenital form results from an asymmetrical adre- 
nergic stimulus in the heart and that the drugs of first choice 
are B-adrenergic blockers (1). Because adrenergic stimuli are 
best avoided in these patients, perhaps the B-adrenergic 
blocking drugs pindolol and oxprenolol should not be used 
because of their intrinsic sympathomimetic activity (2). 


Frank W. Cervenko, MD 
Department of Anaesthesia 
Queen's University 
Kingston, Ontario K7L 3N6 


References 


1. Galloway PA, Glass PSA. Anesthetic implications of prolonged QT in- 
terval syndromes. Anesth Analg 1985;64:612-620. 

2. Weiner N. Drugs that inhibit adrenergic nerves and block adrenergic 
receptors. In: Gilman AG, Goodman LS, Gilman A, eds. Goodman and 
Gilman’s the pharmacologic basis of therapeutics, 6th ed. New York: 
MacMillan, 1980:176-210. 


LETTERS TO THE EDITOR 


In Response: 


Dr. Cervenko makes an interesting comment that B-adre- 
nergic blocking drugs with intrinsic sympathomimetic ac- 
tivity (ISA) should be contraindicated in patients with the 
congenital form of the prolonged QT interval syndrome 
(LOTS). This, however, is not necessarily so. Schwartz et 
al, in a review of the treatment of LOTS, list numerous 
patients who have been successfully treated with either 
pindolol, oxprenolol, or practolol. All three of these B-ad- 
renergic blocking drugs have ISA. There are several reasons 
why B-blocking drugs with ISA are not necessarily con- 
traindicated in LOTS. B-Blockers with ISA allow for more 
complete B-adrenergic blockade of the patient. Complete 
B-adrenergic blockade is important when treating patients 
with LOTS. The exact mechanism by which f-adrenergic 
blockers possess ISA is not completely understood and is 
not necessarily due to direct adrenergic stimulation of the 
heart. Therefore this mechanism may not play a significant 
role in patients with LOTS. Both of the two B-adrenergic 
blockers mentioned by Dr. Cervenko, pindolol and ox- 
prenolol (the latter is not available in the US), have mem- 
brane stabilizing activity. Several of the other drugs (phe- 
nobarbital, primidone, and phenytoin) used in the treat- 
ment of LOTS also have membrane stabilizing activity. It 
is still not certain whether all these drugs prevent dys- 
rhythmias in the LQTS by their membrane stabilizing prop- 
erty, rather than by their other actions. It would therefore 
appear that complete B-adrenergic blockade with any B- 
blocker is the most important determinant of successful 
treatment with B-adrenergic drugs in the LOTS. 


Peter 5. A. Glass, MBCH, FFA(SA) 
Department of Anesthesiology 

Duke University Medical Center 
Durham, NC 27710 


Peter A. Galloway, MBCH, FFA(SA) 
Department of Anesthesiology 

University of The Witwatersrand 

Private Bag X39 

Johannesburg, South Africa 
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A New Technique for Stabilizing the 
Oxygen Saturation Monitor Probe in 
Infants and Children 


To the Editor: 


The development of the oxygen saturation monitor has been 
a significant advance in the monitoring of infants and small 
children, both during anesthesia and in the intensive care 
unit. However, it has been difficult to maintain the position 
of the oximeter probe without movement on the foot or 
hand of an infant or small child. In addition, the warming 
lights that are frequently used in such situations signifi- 
cantly affect the apparatus so that accurate measurements 
cannot be obtained. We have recently started to wrap the 
limb with the readily available Webril gauze that is used for 
cushioning plaster casts. The Webril serves two purposes: 
it fixes the position of the oximeter probe on the extremity 
so there is no movement during surgery and operation of 
the monitor, and the light is also kept off of the probe, 
thereby preventing interference with the pulse trace and 
oxygen saturation reading. Although this may seem to be 
a trivial problem, failure to prevent movement of the oxi- 
meter probe may be the cause of much unwarrented anxiety 
when employing this useful monitoring tool. We hope that 
this technique will prove to be helpful to our colleagues. 


Stanley I. Samuels, MD 
Department of Anesthesia 


Stephen J. Shochat, Mp 
Department of Pediatrics 

Stanford University Medical Center 
Stanford, CA 94305. 
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Acute Respiratory Failure 
W. M. Zapol and K. J. Falke, eds. New York: Marcel 
Dekker, Inc., 1985, 674 pp, $99.75. 


This is an excellent book and the 24th volume in the con- 
tinuing series, “Lung Biology in Health and Disease.” It 
should be high on a list of priority reading for those indi- 
viduals—clinicians or basic scientists—with an interest in 
acute respiratory failure in general and the adult respiratory 
distress syndrome (ARDS) in particular. The authors rep- 
resent an international assemblage, all of whom are su- 
perbly qualified to write about their particular subjects. Top- 
ics include etiology, morphologic changes, fluid and 
electrolyte transport in the injured lung, mediators of lung 
injury, infection, oxygen transfer, cardiopulmonary inter- 
action, and renal function in ARDS. Although clinical sub- 
jects are covered, particularly with respect to altered res- 
piratory mechanics, airway pressure therapy, cardiac 
function, and renal dysfunction, the emphasis is clearly on 
the pathogenesis and the pathophysiology of ARDS. Those 
interested primarily only in an overview of therapeutic in- 
terventions need to look elsewhere. 

The editors’ personal biases are apparent in their em- 
phasis on pulmonary vascular changes. Three chapters (2, 
6, and 7) devote 180 pages out of the total 641 to various 
aspects of this subject. Major interest in pulmonary hyper- 
tension and ARDS has been a fact of life at the Massachu- 
setts General Hospital for many years. Although the ac- 
curacy of statements such as, "The pulmonary artery pressure 
is always elevated in ARDS . . ." may be questioned (few 
things in medicine or anything else always happen), the 
topic, nevertheless, is important and generally well done. 
Pulmonary angiograms and electron photomicrographs are 
numerous, of excellent quality, and clearly demonstrate the 
pathological features of interest. 

The strength of this text lies in its treatment of the me- 
diators known or suspected to be at least in part responsible 
for ARDS. For many years we have understood in general 
terms what happened to patients with this syndrome, but 
we have not known why. The past few years have provided 
a tremendous outpouring of work concerning the genesis 
of ARDS and the roles of leukoembolization and agglutin- 
ation within the pulmonary circulation, complement acti- 
vation, alterations in coagulation mechanisms and fibrin 
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deposition, toxic oxygen radicals, and a host of biologically 
active peptides. These areas are discussed comprehensively 
and represent the best summary of current knowledge I 
have seen. A chapter on the potential prevention of end- 
stage fibrosis, "the final pathway" in refractory ARDS, is 
of particular interest for future therapy. 

This book succeeds in providing the up-to-date approach 
to ARDS described by Dr. Claude Lenfant in his introduc- 
tion. References are pertinent and recent. The major con- 
tributions of individuals from “The General" are included 
in a moving tribute to Myron B ("Mike") Laver written by 
Dr. Henrik Bendixen. Few readers will be disappointed. 
Most will find the text a valuable addition to their knowl- 
edge of an incredibly complex field. 


Robert R. Kirby, MD 

Professor of Anesthesiology 

University of Florida School of Medicine 
Gainesville, FL 32610 


Acute Pain 
G. Smith and B. G. Covino, eds. Stoneham, MA: 
Butterworths, 1985, 270 pp, $59.95. 


Anesthesiologists' interest in the subject of acute pain ther- 
apy is a natural outgrowth of their management of post- 
operative pain in the recovery room. Curiously, however, 
most pain clinics—even those run by anesthesiologists— 
are concerned more with chronic than acute pain, and the 
current pain literature reflects this bias. The editors of this 
book have attempted to fill this void by providing a book 
which would be "of benefit not only to anesthesiologists 
and surgeons, but also rheumatologists, traumatologists, 
family practitioners and all other medical disciplines which 
are required to treat acute, severe, pain." 

This work, however, falls far short of that ideal. At 270 
pages, it is too short to adequately discuss such a compre- 
hensive subject. This brevity is reflected in the inadequacy 
of many of the chapters. Renal colic, for example, is a not 
uncommon acute pain problem, yet this subject receives 
only 9 lines of print with no references. Pancreatitis is men- 
tioned with almost equal brevity. 
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The chapter on pharmacokinetics is a thorough and 
learned discussion of the pharmacology of parenteral drug 
administration, though one wonders if the average reader 
would be truly interested in “use of statistical moment the- 
ory for pharmacokinetic analysis . . . ." This chapter is also 
lacking in any summary or list of general principles that 
could be applied to clinical practice. 

The use of American and British authors creates some 
cultural problems: the otherwise excellent chapter by Chris 
Hull devotes 9 of 21 pages to a discussion of patient-con- 
trolled analgesia but fails to mention the 2 devices com- 
mercially available in the US. 

Roughly half the book is devoted to the physiology, 
pharmacology, and psychology of pain. In most cases, these 
authors fail to distinguish between acute, chronic, cancer, 
and experimental pain. One might also question the amount 
of space given to the basic science of pain given the rather 
incomplete and inadequate discussions of clinical applica- 
tions that follow. 

As with any multiauthored text, the quality is variable, 
and subjects are sometimes repeated. The pharmacology of 
narcotics, for example, is repeated at least twice. Hypnosis 
is discussed twice in the same chapter. 

The quality of the publication is not exceptional. In the 
copy sent to me by the publisher, the end papers were 
folded and glued to the title page. 

The biggest drawback to this book, however, is its price. 
At $59.95 it seems designed more to enrich the editors than 
the medical literature. The quality of the material is not 
commensurate with the reputations of the authors, and it 
is doubtful if this book would be of interest to the serious 
student of pain. The authors state in their preface that "there 
is no text providing a comprehensive treatment of acute 
pain." There still is not. 

Robert G. Burney, Mp 
Associate Professor of Anesthesia 
Director, Pain Control Center 


University of Massachusetts Medical Center 
Worcester, MA 01605 
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High-Frequency Ventilation in Intensive Care 
and During Surgery 

G. C. Carlon and W. S. Howland. New York: Marcel 
Dekker, Inc., 1985, 297 pp, $59.75 (US and Canada), 
$71.50 (all other countries). 





This compact volume is intended by the editors to bring 
together all of the pertinent current information on high 
frequency ventilation. To achieve this objective, the con- 
tributions of 28 authors have been organized into a logical 
sequence. Appropriately, the bulk of the information pre- 
sented concerns high frequency jet ventilation, the modality 
which is most widely used, and for which there is available 
commercially produced equipment. The other forms of high 
frequency ventilation—high frequency positive pressure 
ventilation and high frequency oscillatory ventilation—are 
reviewed in sufficient depth, consistent with their current 
role in clinical practice. 
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Care is apparent in the production of this book, in that 
illustrations and graphics are reasonably consistent in ap- 
pearance and identification throughout. Although one may 
expect repetition when many authors prepare their contri- 
butions without specific knowledge of the style and content 
of the other contributors, the editors have avoided tedious 
overlapping in the chapters. There is more than an accept- 
able minimum of typographic errors, however, although 
only a few are significant enough to obscure the authors’ 
meanings. 

Despite the limitation suggested by the mention of in- 
tensive care and surgery in the title, a substantial portion 
of the material has to do with laboratory investigation. 
Chapter 11, on the theoretical evaluation of high frequency 
ventilation, may cause eye glaze in those clinicians who 
persist for the entire 25 pages. 

All in all, this is a worthwhile effort to bring what is 
known and what is currently being practiced in the area of 
high ventilation together in one volume. 

E. Paul Didier 
Consultant in Anesthesiology 


Mayo Clinic 
Rochester, MN 
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The Resident's Friend 
B. L Rose. Sunnyvale, CA: Byte-Omega, 1984, $99.00. 


House officers and medical students spend hours perform- 
ing secretarial tasks. Residents in the Obstetrics Department 
at Stanford University have been using a program called 
The Resident's Friend on an Apple Il computer to help doc- 
ument their surgical procedures, as required by many spe- 
cialty boards, and to help organize patient care. The pro- 
gram's distributor, who purports "better patient care through 
computing," is hoping the software will find applications 
beyond obstetrics. 

The software maintains three files: a patient file, a follow- 
up file, and a procedure file. The patient file, which is di- 
vided into active patients and discharged patients, contains 
the patient's name, chart number, room number, date of 
admission, and three free text fields. The only reports that 
can be generated from this file are a "Census List," orga- 
nized by date entered into the computer, and a “Sign Out 
List," organized by room number. The follow-up file con- 
sists of the patient’s name, chart number, date, two alpha- 
numeric free text fields, and uses the patient file only to 
search for patient’s names after entry of the first few letters. 
The only report available is a “Patient Follow-Up List,” a 
simple linear file listing. The procedure file records each 
procedure performed, listing the patient’s name, chart 
number, procedure, date of procedure, hospital code, level 
of resident's responsibility in the procedure, patient’s age, 
and a comment. The computer can generate a list of all 
procedures performed, organized by date entered or by 
procedure and also can summarize the number of proce- 
dures by level of responsibility. 
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The Resident's Friend is fairly unfriendly. Disk access is 
quite slow, suggesting the use of linear searches rather than 
indexes for file access. There is little sorting of the data; 
files are printed on a first-in, first-out basis. Data entry 
appears to be accomplished with BASIC “INPUT” state- 
ments, which is well below current software standards. 
There is no checking for duplicate keys; if a patient or pro- 
cedure is entered several times, duplicate records will be 
created. Because the software has been in use for two years, 
I was surprised to find eight bugs, several fatal, in my first 
hour of use. 

The Resident's Friend could maintain an anesthesiology 
resident's list of patients and procedures in a typed and 
attractive format. However, it currently takes about two 
minutes each day to maintain my patient list and about two 
hours at the end of the year to summarize it. The Resident's 
Friend would take about fifteen minutes each day, and 1 
would still spend two hours at the end of the year because 
the program cannot give monthly subtotals. I see no use 
for the system by anesthesiology house officers. 


Steven L. Shafer, MD 
Instructor in Anesthesia 
University of Pennsylvania 
Philadelphia, PA 19104 








Regional Anesthesia and Clinical Applications 
H. Carron, G. A. Korbon, and J. C. Rowlingson. 
Orlando, FL: Grune and Stratton, 1985, 198 pp, $39.50. 


This short treatise is divided into six sections that briefly 
cover pharmacology, spinal and epidural anesthesia, and 
various autonomic and somatic nerve blocks. The major 
attributes of the book are that it is concise and contains 110 
illustrations that are generally excellent. Unfortunately the 
attempt to be concise results in a book that is sometimes 
sketchy and arbitrary. For example, in the chapter, “Spinal 
and Epidural Anesthesia,” the author indicates that dosage 
depends on many factors but does not state the factors. 
Rather a few arbitrary drug doses are recommended, and 
no reference is provided for the reader who desires a more 
comprehensive discussion. In fact, specific references are 
not supplied for any of the material. Instead a suggested 
reading list is provided at the end of the book. 

The omission of specific references is particularly unfor- 
tunate because many of the authors’ statements are con- 
troversial. For example the authors state that long-acting 
local anesthetics and epinephrine should not be used for 
stellate ganglion block. Yet the use of long-acting agents 
with epinephrine for stellate ganglion block is described in 
a number of texts (e.g., Moore, Regional Anesthesia). In 
addition, the authors frequently describe only their pre- 
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ferred techniques without acknowledging the fact that well- 
established, alternate techniques exist. Thus, in describing 
hernia block, the authors ignore classic techniques de- 
scribed by Moore and by Labat. Similarly, in describing 
coeliac plexus block, though the authors concede that most 
anesthesiologists perform bilateral blocks, they fail to refer 
to the classic technique described by Bridenbaugh and Moore. 
Again no reference is supplied to support the author's con- 
tention that unilateral block is usually satisfactory. 

Despite the omissions, the book presents a reasonably 
good overview of regional anesthesia and provides ade- 
quate descriptions of the technical aspects of many useful 
nerve blocks. As such the book will be valuable as an in- 
troduction to regional anesthesia for medical students and 
for physicians who perform the occasional nerve block. 
Anesthesiologists and other physicians who are actively 
involved in teaching or performing regional anesthesia will 
need to refer to more comprehensive texts available on the 
subject. 


Eli M. Brown, MD 

Professor and Chairman 

Department of Anesthesiology 

Wayne State University School of Medicine 
Sinai Hospital of Detroit 

Detroit, MI 48235 
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Anaesthesia, Essays on its History. J. Repreht, M.J. van Lieburg, J.A. Lee, 
W. Erdmann. New York: Springer-Verlag, 1985, 409 pp, $49.00. 


Anesthesia and Coronary Artery Surgery. 5.A. Tarhan, ed. Chicago: Year- 
book Medical Publishers, 381 pp, $72.70. 

Atlas of Regional Anesthesia. ]. Katz. Norwalk, CT: Appleton-Century-Crofts, 
1985, 203 pp, $75.00. 


Classical Anesthesia Files. D.M. Little jr, ed. Park Ridge, IL: Wood Library 
Museum, ASA, 1985, 335 pp, $35.00. 


Clinical Application of Respiratory Care, 3rd edition. B. A. Shapiro, R.A. 
Harrison, R.M. Kacmureli, R.D. Cane, eds. Chicago: Yearbook Medical Pub- 


lishers, 1985, 613 pp, $34.95. 

Decision Making in Critical Care. H. Don, ed. St. Louis: CV Mosby, 1985, 
205 pp, $44.00. 

Goodman and Gilman's The Pharmacological Basis of Therapeutics, 7th edi- 
tion. A.G. Gilman, L.S. Goodman, T.W. Rall, F. Murad, eds. New York: 
MacMillan, 1985, 1837 pp, $65.00 

Handbook of Adverse Drug Reactions. M.A. Rizack, C.D.M. Hillman. New 
Rochelle, NY: The Medical Letter, 1985, 121 pp. $9.95. 

Toxicology of Inhaled Materials. H.P. Witsche, J.D. Prain, eds. New York: 
Springer-Verlag, 1985, 553 pp, $172.00 
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Convenient and Ready to Use 


Tracrium is easily administered —requires 


5s 
Mosi 


VES 


penu 


d 


EL s 
DNE 
Hz 


uir 


n 


SY 


zs 


EUER A epee SERA ANEA 
TREE a E PRESSE TS E Pe E 
SEHE EESTI ME 3 


P 





Few Cardiovascular Effects 
at Recommended Dosages 


L] Tracrium* (atracurium besylate) produces virtually 
no clinically significant cardiovascular hemodynamic 
changes when administered at recommended dosage 
levels—a significant benefit in patients with compro- 
mised cardiac ability or cardiac risk. 


Cardiovascular effects of atracurium 


Dosage Mean Blood Pressure (% control) N 
(mg/kg) Values + SD 











Adapted from Basta et al.3 


No Cumulative Effects Upon 
Recovery, After Multiple Doses 


L] Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


LI Once recovery begins, it is relatively rapid and 
independent of dose 


Q This means that you do not have to calculate pro- 
ressively smaller doses for repeat administration, and 


that recovery is more consistent and predictable 


"One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 2596-7596 recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 
atracurium is not cumulative. . . .''! 


Dosage Mean Heart Rate (?6 control) N 








(mg/kg) Values + SD 


















Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 


within the clinical dosage range (at EDss) for curare, 


at the upper limits of the clinical dosage range 
(at 2 x EDgs) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium4 


O The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 
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2. Katz RL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3. Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
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aa ity many anesthetic agents or An itl asian dose of 0:3 to 0.4 mg/kg Is recommended 





'stimulatior: As a réBntt: bradycardta during anesthosia a following the use of succinyichoting for Intubation under 
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i prolonged surgical procedures. The first maintenance dose 
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NITROUS OXIDE/N,O 


Editor: Edmond I. Eger Il, M.D., Professor and Vice Chairman for Research, Department of 


Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,O is a complete resource on the subject. 


It describes what is known about nitrous oxide — applica- 


tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N.O are 
reviewed by means of: 
m thorough discussion of N.O pharmacology and 
distribution 
B detailed summary of known side effects and toxicity 
E practical guidelines for avoiding and managing 
these effects 


Finally, the case for administering this anesthetic is care- 


fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N,O is a controversial work that 
everyone using the drug will want to read. 


Order from your usual supp!ier or 
Elsevier Science Publishing Co.. inc 
F.O. Box 1663. Grand Central Station, New York. NY 10163 
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Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
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60-second reversal 
of neuromuscular blockade 


* Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'? 


* Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.' ^ 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 ug/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 ug/kg).'* 


* May bethe preferred reversal agent for atracurium and vecuronium 
"...compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and.. .antagonizes 
more rapidly residual atracurium-induced neuromuscular blockadoe.'? 


"Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” 





"Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during balothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology l 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 

ENLON ({edrophonium chloride injection, USP) is a rapid acting cholinergic 
{cholinesterase inhibitor), Chemically edrophonium chloride is ethyl 
(im-hydroxyphenyl) dimethylammonium chloride and its structural formula is: 


E CH,CH, 
“ & | 


HO — C — N — (CH 07 
+ i 


—————— 


ENLON contains in each mL of sterile solution: 

10 mg edrophonium chloride compounded with 0.45% phenol and 0.2% sodium sulfite 
as preservative, buffered with sodium citrate and citric acid. Its pH is adjusted to 
approximately 5.4 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transmission 
primarily by inhibiting or inactivating acetyicholinesterase. By inactivating the acetyl- 
cholinesterase enzyme, acetylcholine is not hydrolyzed by acetylcholinesterase and 
is thereby allowed to accumulate. The accumulation of acetylcholine at the sites of 
cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 


INDICATIONS AND USAGE 

ENLON (edrophonium chloride injection, USP) is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarine, metocurine, 
atracurium, vecuronium, or pancuronium. it is not effective against depolarizing 
relaxants such as succinylcholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage 
ENLON is recommended for use in the differential diagnosis of myasthenia gravis. 
It may also be used as an adjunct to evaluate treatment requirements of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis 


CONTRAINDICATIONS 


ENLON (edrophonium chionde injection, USP) is not te be used in patients with known 
hypersensitivity to anticholinesterase agents, or in patients having urinary obstruc- 
tions of mechanical type. 


WARNINGS 


It is recommended that 1 mg atropine sulfate should be made available for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
of edrophonium chloride have been reported. It is postulated that these are vagctonic 
effects. 


PRECAUTIONS 


General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiratory assistance. Should a patient develop 
“anticholinesterase insensitivity” for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or withheld 
until the patient again becomes sensitive to them. 

Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are also on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) symptoms 
may mimic underdosage (myasthenic weakness} so the use of this drug may worsen 
the condition of these patients (see OVERDOSAGE section for treatment}. 
Pregnancy Category C: It is not known whether ENLON (edrophonium chloride 
injection, USP) can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity, since there have been no adequate and well controlled 
studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery or other interven- 
tion or resuscitation of the newborn will be necessary is not known. The effect of the 
drug on the later growth, development and functional maturation of the child is also 
unknown. 

Nursing Mothers: The safety of ENLON during lactation in humans has not been 
established. 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chloride 
injection, USP) should be observed for bradycardia or cardiac standstill and cholinergic 
reactions if an overdosage is given. Reactions common to anticholinesterase agents 
such as edrophonium chloride are: 

Cardiovascular: arrhythmias jespeciaily bradycardia). fall in output leading to 
hypotension. 

Respiratory: increased tracheobronchial secretions, laryngospasm. bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia. 


Gastrointestinal: nausea, vomiting. increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps: 

Musculoskeletal: weakness and fasciculations; 

Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia, and conjunctival hyperemia. 
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OVERDOSAGE 
Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage {cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by the 
use of atropine. Obstruction of the airway by bronchial secretions can arise and may 
be managed with suction (especially if tracheostomy has been performed} and by the 
use of atropine. Signs of atropine overdosage such as dry mouth, flush and tachycar- 
dia should be avoided as tenacious secretions and bronchial plugs may form. Should 
edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 


The recommended adult intravenous injection for antagonism of neuromuscular 
block: 

Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage may 
be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is manifest 
within 30 to 60 seconds after injection. Response should be monitored carefully and 
assisted ventilation should always be employed. When given to countetact muscle 
relaxant overdosage, the dose effect on respiration should be observed prior to repeat 
dosages and assisted ventilation should be employed. 


ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 

Aduits: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON and 
an intravenous needle; intravenously inject 0.2 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the remain- 
ing 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may be repeated 
after one-half hour. 

Intramuscular Dosage: intramuscularly inject 1 mL (10 mg) of ENLON. If hyperreac- 
tivity (cholinergic reaction) is demonstrated, retest the patient after one-half hour with 
another intramuscular injection of 02 mL (2 mg) ENLON. This will eliminate the 
possibility of false-negative reactions. 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL (1 mg) ENLON If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 05 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mq) 

Intravenous dose in children weighing above 75 pounds: 

intravenously inject 0.2 mL (2 mg) ENLON. H there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg). 

Intramuscular Dose: Intramuscularly inject 0.2 mL (2 mg) ENLON in children weighing 
up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg). All signs of hyperreac- 
tivity (cholinergic reaction} noted in the intravenous test will be demonstrated in the 
intramuscular test; however, there is a two to ten minute delay before reaction. 


ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease. The recommended dose is 0.1 mL to 0.2 mL (1 mg to 2 mg) 
administered intravenously Response to ENLON test dose in treated myasthenic 
patients is summarized as follows: 

Undertreated patient: Myasthenic response; characterized by increased muscle 
strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb strength). 
This indicates inadequate treatment of the myasthenic condition. 

Controlied patient: Adequate response; characterized by no change in muscle strength 
with minimal side reactions (lacrimation, diaphoresis, salivation, abdominal cramps, 
nausea, vomiting. diarrhea). Fasciculations (orbicularis oculi, facial muscles, limb 
muscles) may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response; characterized by decreased muscle strength 
and severe side reactions. Fasciculations may be observed. This response occurs in 
myasthenics who have been overtreated with anticholinesterase drugs. 


ENLON (edrophonium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory distress 
with inadequate ventilatory exchange, and unpredictable response to medication. If. 
the patient is apneic, achieve ventilatory exchange immediately to avoid cardiac 
arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. Whereas, 
upon administration of ENLON the myasthenic patient will demonstrate improved 
respiration and can be given additional medication. To perform the test prepare a 
syringe with 0.2 mL (2 mg) ENLON and intravenously inject 0.1 mL (1 mg} The 
patient's cardíac and respiratory actions should be observed for change. The remain- 
ing 0.1 mL (1 mg) may be injected after one minute if no response is noted. If, after 
the entire 0.2 mL (2 mg) dose has been injected, no improvement in respiration occurs, 
discontinue all anticholinesterase drugs. Controlled ventilation can be achieved by 
tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chloride injection, USP): 
NDC 10019-873-15 15 mL multidose viais. 2-85 
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Rapidly increases cardiac output 
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o Substantially improves contractility a 
without adding to myocardial oxygen demand SUN 
o Lowers pulmonary capillary wedge pressure and | a 
systemic vascular resistance T 1 
» Heart rate and blood pressure virtually unchanged Et 

o INOCOR is intended for short-term use in patients 

who can be closely monitored and do not respond adequately a 
to prior treatment with digitalis, diuretics, and/or vasodilators. oe 
*For important product information concerning contraindications, adverse reactions, patient selection, l a 
and precautionary recommendations, please see last page. 5. 
€) 1985 Winthrop-Breon Laboratories et E e | 
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_ forthe short-term management of heart failure 
| Ini efficient 


NOGOF \ 


(AMRINONE) 
















i INOCOR lactate injection, brand of amnnone lactate represents a new class of cardiac 
.inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecholamines. 
INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short-term 
management ‘af congestive heart failure in patients who can be closely monitored and 
who have riot responded adequately to digitalis, diuretics, and/or vasodilators) 
^... INOCOR lactate injection is indicated for the short-term management o! conges- 
tive heart failure. Because of limited experience and potential for serious adverse 
effects (see ADVERSE REACTIONS) INOCOR should be used only in patients who can 
be closely monitored and who have not responded adequately to digitalis, diuretics. 
: and/or vasodilators. Although most patients have been studied hemodynamically for 
“periods only up to 24 hours, some patients were studied for longer penods and 
d demonstrated consistent hemodynamic and clinical effects. The duration of therapy 
shod depend On patient responsiveness 
CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients who | 
ate hypersensitive to it. 
E Jti also contraindicated in those patients known to be hypersensitive to Disulfites. 
PRECAUTIONS General INOCOR lactate injection should not be used in patients with 
"Severe aortic or pulmonic valvular disease in lieu of surgical relie! of the obstruction. 
Like: ‘other inotropic agents, it may aggravate outflow tract obstruction m hypertrophic 
subaortic stenosis. 
; During intravenous therapy with INOCOR lactate imecton, blood pressure and 
heart tate should be monitored and the rate of infusion slowed or stopped in patients 
: showing excessive decreases in blood pressure 
g “Patients who have received vigorous diuretic therapy may have insufficient 
E Cardiac filling pressure to respond adequately to INOCOR lactate iniection. in which 
ve cage cautious liberalization of fiuid and electrolyte intake may be indicated. 
"ac upraventricoular and ventricular arrhythmias have been observed in the very 
“high. misk population treated. While amrinone per se has not been shown to be 
UE ; amythrnogenic, the potential for arrhythmia, present in congestive heart failure itself, 
2 may be increased by any drug or combination of drugs 
;U-dhrembocytopenia and hepatotoxicity have been noted (see ADVERSE 
» REACTIONS. 
. LABORATORY TESTS Fluid and electrolytes Fluid and electrolyte changes and renal 
Pu function should be carefully monitored during amnnone lactate therapy. improvement 
dn cardiac output with resultant diuresis may necessitate a reduction in the dose of 
oo diete Potassium loss due to excessive diuresis may predispose digitalized patients 
Sido amrhythmias. Therefore, hypokalemia should be corrected by potassium supple- 
eg. mentationin advance of or during amnnone use 
o. ;DRUG INTERACTIONS in a relatively iimited experience, no untoward clinical man: 
tt festations have been observed in patients in whom INOCOR lactate injection was used 
‘Concurrently with the following drugs: digitalis glycosides. lidocaine. quinidine, meto: 
priol propranotot hydralazine, prazosin. “sosorbide dinitrate. nitroglycerine, chiorthal- 
‘done, ethacrynic: acid, furosernde. Tyra IOE REL spronolactone, captopri, 
heparin, warfarin, potassium supplements, insulin, diazepam 
One case of excessive hypotension was reported when amnnone was used 
concurrently with disopyramide. 
e: ‘Anti additional expenence is available. concurrent administrahon with Norpace" 
gi re tamide should be undertaken with caution 
. USEIN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use in 
v &cutémyocardial infarction. 
USE IN CHILDREN Safety and effectiveness in children have not been established 


: pen lig RS A. oh l: MER ER P3 USPN PREGNANCY Pregnancy category C in New Zealand white rabbits, amrinone 
e in as beer shown to reduce fetal skeletai and gross external malformations at oral doses 

2 gital Is an catec O amines Qe P igi of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/Cr rabbits 

; : using. oral doses up to 32 mg/kg/day did not confirm this finding No malformations 

were seen im rats recerying amnnone intravenously at the maximum dose used 


. emody mamics ra] idly im roved ws OS mgi&gíday (approximately the recommended daily V dose tor patients with con- 
| geste heart talun) There are no adequate and well-controlled studies in pregnant 
LU co Women. Amnnoóne should be used during pregnancy onty if the potential benefit 

“justifies the potential nsk to the fetus 


prune ^ c USE IN NURSING MOTHERS Cauti B3 eveiniged hen TORO dé 
Heart rate and blood pressure : MM uci 






`. HIK. 


ignificantly changed. $ s » t |. , ADVERSE REACTIONS Thrombocytopenia intravenous INOCOR lactate injection 


: resulted in platelet count reductions to below 100.000/mm? in 2 4% of patients 
pe ho k Gastrointestinal effects Gastrantestinal adverse reactions reporteg with INOCOR 
at een S own to increase ris lactate injection during climcal use included nausea (1795). vomiting (0 9%), abdominal 
: pain (0.4%) and anorexia (0 499 
Cardiovascular effects. Cardiovascular adverse reactions reported with INOCOR 
tactate injection moude arrhythmia (3%) and hypotension (1 3%) 
Hepatic. toxicity: in dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day. 
_ amrnone showed dose-related hepatotoxicity manifested ether as enzyme eleyation 
‘or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
tong-term oral dosing and has been observed. in a imited expenence (0.2%). following 
iV.administration of amrinone 
Hypersensitivity. There have been reports of several apparent hypersensitivity reac- 
tions in patients treated with oral amnnone for about two weeks Signs and symptoms 
were váriable but included pericarditis. pleuritis, and ascites ione case). myositis with 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case): and 
vasculitis with nodular pulmonary densities. hypoxemia. and iaundice (one case). The 
first patient died, not necessarily of the possible reaction. while the last two resolved 
with discontinuation of therapy. None of the cases were rechallenged. so attribution to 
amrinone is not certain, but possible hypersensitivity reactions snould be considered in 
ariy patient maintained for a proionged penod on amrinone. 
General Additonal adverse reactions observed iri intravenous amrinone clinical 
b cr include fever (0.9%) chest pain (0.2%), and burning at the site of injection 
"0 (0299 
-o OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
* because of its vasodilator effect. H Ins occurs, amnnone administration should be 
Lo feduced or discontinued. No specific antidote is known. but general measures for 
^: vCiculatory support should be taken. 
—. MANAGEMENT OF ADVERSE REACTIONS Fiatele? count reductions Asyrnpto- 


an abe sedi in patients with 
ocardial ischemia | 





ey oc platelet count reduction (to less than 150.000/mm?) may be reversed within one 
' week ofa decrease in drug dosage. Further, with no change in drug dosage. the count 
. "maystabilizeatiower than predrug levels without any clinical sequelae. Predrug platelet 
"Counts and frequent platelet counts dunng therapy are recommended to assist in 
d decisions regarding dosage modifications 
co Should a platelet countiess than 150.000/mm? occur, the following actions may De 
. &onsidered: 
D ut Maintain total daily dose unchanged. since in some Cases counts have ether 
 :*: Stabilized or returned to pretreatment levels 
3 * Decredse total dady dose. 
Discontinue amrinone if, in the chnicat judgment of the physician. nsk exceeds the 
potential benefit. 
| Gastrointestinal side effects While gastrointestinal side effects were seen infrequently 
with IV therapy. should severe or debilitating ones occur the physician may wish tó 
- reduce dosage or discontinue the drug based on the usual benefit-to tsk 
Considerations. 
^ Hepatic toxicdy:in climcal experience to date with IV administration, hepatotoxicity has 
. tarely been observed. If acute marked alterations in liver enzymes occur together with 
^ i i . Clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction. amrinone 
S therapy should be promptly discontinued 
O product information on this page for cont: indications, adverse i Hs than ARE eae. aterations occur without Clinical symptoms, these 
ne PEGORA recommendations. -nonspecific changes shouid be evaluated on an individual basis The ciimcian may 
i wish to continue amrinone and reduce the dosage or discontnue the drug based on 
. "heusual benefit-to-risk considerations 
HOW SUPPLIED Ampuis of 20 mi. sterie. clear yeliow solution containing g 'NOCOR 
 5mg/ímL, box af 5 (NOC 0024-0888-20) Each i mL contains INOCOR lactate 
eauivaem to 5.mg base and 0.25 mg sodium metabisuifite in water for injection 





Op-Breon Laboratories, Division of Sterling Drug Inc., New Yor: NY 10016 eree - 





Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 54 hours later the Surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps “take off 
the pressure" to the circulation of the face and 

scalp during prolonged anesthesia. It's unique “‘hills 
and valleys” construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 


to juggle the heavy head (10 Ibs.) during intubation. 


The ProPillow Anesthesia Pillow stabilizes (by gently 


gripping) the patient's head in the neutral, ‘“‘sniffing’’, 
position. It even helps free up one of your hands 
when you’re using a mask for short cases. 


The ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . . and 
possibly sedation required. 


And the price is right 


Because of the ProPillow's reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse's bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It's made from a bright blue, breathable, 
resilient polyurethane foam that's 100% non-allergenic 
and non-irritating to skin. 


It's easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPillow Anesthesia Pillow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction pillow and the new STRAPEZE * Velcro Endotracheal Tube stabilizer. 


Anesthesia and Analgesia 


BACK ISSUES AVAILABLE 


Available at $3.00 per Issue 





Vol. Year Numbers Available Vol. Year Numbers Available 

33 1954 — 2 3 4 5 6 41 1962 — 2 3 — 5 
34 1955 1 2 3 4 5 6 42 1963 -— -— 3 4 5 
35 1956 1 2 3 -— 5 6 43 1964 1 = 3 — 5 
36 1957 — — - = — 6 44 1985 1 2 3. 4 5 
37 1958 1 2 3 4 5 6 45 1966 — 2 = 4 5 
38 1959 — 2 3 4 — 6 46 1967 -— 2 3 4 — 
39 1960 — — 3 4 5 6 47 1968 — = 3 4 5 
40 1961 — — — 4 5 6 48 1969 1 2 3 — 5 


Available at $4.50 per Issue 





Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 — _ ~ 5 6 54 1975 — 2 3 — — 
50 1971 1 2 — -— -— — 55 1976 — 2 3 4 5 
51 1972 — 2 3 - — 6 56 1977 1 2 3 4 5 
52 1973 1 2 3 4 5 6 57 1978 1 2 3 4 5 
53 1974 — 2 3 4 — — 


Avallabie at $5.50 per Issue 





Vol Year Numbers Available 

58 1979 1 2 3 4 5 6 (only six issues published) 

59 1980 — — 3 4 5 6 — 8 9 10 11 12 
60 1881 1 2 3 4 5 6 — — 9 10 11 12 
61 1982 1 2 3 4 5 6 — — 9 10 11 12 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 


OTHER PUBLICATIONS AVAILABLE: 

"Basic and Clinical Physiology of the Liver" (Supplement to Sept-Oct 1965 Issue)---$3.00. 
Ten-Year (1960-1968) Cumulative index—$3.00. 

Ten-Year (1970—1979) Cumulative index— $3.00. 

1882 (56th Congress) Review Course Lectures-— $5.00. 

1983 (57th Congress) Review Course Lectures-—$5.00. 

1984 (58th Congress) Review Course Lectures— $8.00. 

1985 (68th Congress) Review Course Lectures-—$8.00. 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


[] Check for $.—  . enclosed. 
[.] Please send bill with understanding that ordered material will be sent when payment Is received. 


Name 
x Address 


City, State, Zip 


Requests for singte issues beginning with Vol. 62 should be sent to Elsevier Sclence Publishing Co, Inc., 52 Vanderbilt Avenue, New York, NY 10017. 
Ten-Year Cumulative Index (1975—1984) is avallable onty through Elsevier. 
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PHARMACOLOGY? 


Excerpta Medica enters 86,000 pharmacology -related records* 
to its on-line database EMBASE™ every year................ 
EMBASE'M has now over 229,500 pharmacology-related records** 
available and searchable on-line................ 


EMBASE is: | 
International - Excerpta Medica 
screens over 5,500 biomedical, 
chemical and pharmaceutical 
journals from all over the world. 


Comprehensive — Every year about 
245,000 new records are added to 
EMBASE. 


Authoritative — Practising medical 
specialists screen, select, index and 
classify all records. 

"By the specialist for the specialist” 


‘Specific — The EMBASE thesaurus 
MALIMET™ has about 210,00 
preferred terms plus circa 250,000 
(searchable) synonyms and varia- 
tions, thus allowing accurate 
identification of relevant concepts. 


Accessible — EMBASE records have 
up to 89 searchable elements. 


Supportive — An extensive range 
of user aids, free newsletter, free 
training seminars, and personal 
visits to help users make better use 
of EMBASE. 


Convenient — EMBASE is available 
on-line via, BRS, DATA-STAR, 
DIALOG, DIMDI, UTOPIA. 


EMBASE records and subfiles are also 
available on computer tape. 


TRY EMBASE” 1st 


* average number of records added to the 
EMBASE!M subfile Pharmacology™ over the 
last three years. 


** sane EMBASE! vendors offer less 





For further information flll in form below and send to: 
Excerpta Medica, PO. Box 15827,1000 BM Amsterdam, The Netherlands. 





in the USA & Canada 
i Elsevier Science Publishing Co., Inc. 52 Vanderbilt Ave., New York, NY 10017, U.S.A. i 
[ Send me more information on EMBASE™ i 
[]I am interested in attending a free training seminar. Please send me your 
i training seminar schedule. i 
E Name i 
| Address 
City Postal Code. |. | | | | | | | | ] » »)» . J  — — .J  /» .. 
Country 


FL 554 
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THE PEDIATRIC ANESTHESIA HANDBOOK, Third Edition 
Richard M. Levin, M.D. 
Medical Director 
Ambulatory Surgical Facility 
Hollywood, Florida 
Babette J. Horn, M.D. 
Associate in Clinical Anesthesia 
Northwestern University Medical School 

This handy, portable text presents valuable information on pediatric 
physiology. pharmacology, and anatomy as they relate to anesthesia. Its ten 
major sections include: Preoperative Evaluation and Preparation: Special 
Equipment; Management of Anesthesia; Postoperative Care: Special 
Pediatric Operations, and more. 
1985 403 pages 0-B7488-41 3.6 paper $27 50 
Self-assessment of current knowledge in 
ANESTHESIOLOGY, Third Edition 
David L. Trickey, M.B. 
Associate Professor of Clinical Anesthesia 
Albany Medical College, New York 

This review book is designed to help readers expand their knowledge of 
recent developments in anesthesia. A total of 795 updated and revised 
multiple choice questions provides a thorough review of: intravenous and 
general anesthesia: obstetric, regional. and neonatal anesthesia: pulmo- 
nary medicine and anesthesia, shock, plus much more. Residents and 
practicing anesthesiologists will find this to be a useful tool for continued 
self-assessment and for keeping abreast of the latest significant 
advancements in anesthesiology, 
1984 229 pages 0-87488-047-5 


paper 23.00 


PRACTICAL POINTS IN ANESTHESIOLOGY, Third Edition 
Edited by: David C.C. Stark, M.D. 

Clinical Professor of Anesthesiology 

State University of New York Upstate Medical Center 

with 3 contributors 

This new edition provides thorough coverage of clinically important 
questions about anesthetic procedures. 

Emphasis is on practicality and the information presented is vital to a 
sound, clinical grasp of important concepts. Individual chapters describe 
specific considerations related to each type of surgery including: 
gynecological, urological, abdominal. orthopedic, neuro-surgical, thor 
acic, cardiac, and much more. The authors explore a broad spectrum to 
offer well-rounded and complete coverage. 


1985 403 pages D-87488 - 3850-7 paper $23.95 


Medical Examination Review 

Volume 12 — ANESTHESIOLOGY, Sixth Edition 

Steven J. Slack, M.D. 

Assistant Professor of Anesthesiology , University of Michigan Medical School 
Thomas J. DeKornfeld. M.D. 

Professor and Vice Chairman. University of Michigan Medical School 

This updated and revised edition gives a systematic and thorough 
review of basic scientific and clinical aspects of anesthesiology: 

The 1.060 multiple choice questions with referenced explanatory 
answers provide a comprehensive review of all important topics for exam 
preparation at any level. Practicing anesthesiologists will use it as a 
convenient and quick way of evaluating their own knowledge and skills. 
1083 BIT pages (ST RR - 112-9 paper £24.50 


Send orders to your bookseller or order from: 


MEPC 
PO. Box 1663 
Grand Central Station 


New York, New York 10163 
Medical Examination Publishing Company Note: Prices subiect to Change without notice. NY State residents please add applicable sales tax 
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Classified Advertising 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


ANESTHESIOLOGIST 

Board certified anesthesiologist, 3-5 years 
experience for busy Midwest practice in 700- 
bed hospital. Send CV to Box H19, % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 


“ANESTHESIA, YOUR BABY, AND YOU" 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact: APPCOR PRO- 
DUCTIONS, 3652 Carleton St, San Diego, 
CA 92106. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Include phone number 
in response. Reply to Box K23, % Anesthesia 


and Analgesia, Desk Editorial, 52 Vanderbilt 
Avenue, New York, NY 10017. 


ANESTHESIOLOGIST—PHOENIX, ARIZONA 
AREA 

JCAH Hospital Accreditation—no obstet- 
rics. Board certification highly desirable. 
Unique group practice offers very early 
partnership. Available now! Send CV to Box 
K24, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—CRNAs. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750, ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 


SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All types of surgery 
except open heart. Opening immediately. 
Excellent compensation and future for right 
person. Response confidential. Pittsburgh 
area. Submit CV to Box L26, % Anesthesia 
and Analgesia, Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


POSITION WANTED 

Anesthesiologist, BE, AMG, orals in 1986, 
excellent training, proficient in all phases of 
anesthesia practice. Seeking relocation with 
progressive group, any area. Reply to Box 
L28, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


UNIVERSITY OF MIAMI COMPREHENSIVE 
REVIEW COURSE IN ANESTHESIOLOGY MAY 
6-11, 1986 

Will be held at the James L. Knight Con- 
vention Center/Hyatt Regency, Miami, 
Florida. For more information contact 
Professional Seminars, PO Box 021318, 
Miami, FL 33101. Telephone 305-547-6411. 


CALIFORNIA: ANESTHESIOLOGIST 
Full-time faculty position at Associate/Full 
Professor level in young department with 
emphasis on teaching and research. Com- 
plete clinical services in one hospital. Pre- 
requisites include board certified; meet Cal- 
ifornia license requirements; clinical i 
in neuro, pain and/or pediatrics; demon- 
strated ability as a research scientist; and 
ability to write scholarly articles. Send cur- 
riculum vitae, bibliography and names of five 
references to John H. Eisele Jr, MD, Anesthe- 
siology Department, University of Califor- 
nia, Davis, Medical Center, 2315 Stockton 


Boulevard, Sacramento, CA 95817. Position 
open until filled but not later than February 
28, 1986. We are an Equal Opportunity/Af- 
firmative Action Employer. 


IMMEDIATE OPENING: BC/BE 
ANESTHESIOLOGIST 

Arkansas, near recreation area yet not far 
from city. Substantial financial package. 
No neuro, open heart, or vascular. Reply 
to NAMA, PO Box 24, Carlisle, MA 
07141. Phone 617-369-5980. 


FELLOWSHIP IN CRITICAL CARE AND HIGH 
RISK ANESTHESIA 
Academic ICU Program associated with su- 
ds laboratory facility is offering 1—2-year 
owship for anesthesiologists (B or BE). 
Preop consultation, intraoperative manage- 
ment, and postop ICU management of high- 
risk patients are stressed. Excellent oppor- 
tunity for research in postoperative pain 
control (continuous techniques), metabolic 
consequences of prolonged anesthesia, and 
neurohumoral control of the circulation. 
Boards in internal medicine or strong re- 
search background preferred. Address in- 
quiries to Jonathan Kay, Mp, Department of 
Anesthesia, Medical College of Wisconsin, 
9200 West Wisconsin Avenue, Milwaukee, 
WI 53226. 


800-FAST GAS: WORLDWIDE ANESTHESIA 
Have you got knocks and pings in your 
Anesthesia Department? Whether it's a short 
or long term staff problem . .. we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
ee ee d ep ee 
able through Pharmaceutical Media, Inc. Rates 
for dassifled advertising: $.90 per word, min- 
linug twenty wrarcie' Ge 61°00 por wsdl fey bce 
number ads. Copy deadline 7 weeks prior to 
blication, e.g., for the March issue, copy 


pu 
should be received by the 1st of January. Full 
payment cr institutional purchase order must 
accompany the copy for each ad. Ads received 
without a check or purchase order will be re- 


turned. Ad copy, ict CERT 


52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 


lishing Co, Inc. 





WASHINGTON, DC: GEORGE WASHING- 
TON UNIVERSITY MEDICAL CENTER 
Anesthesiologist at Assistant Professor level. 
Eligible for examinations of American Board 
of Anesthesiology (four postdoctoral years 
of training, including clinical base, clinical 
anesthesia, and a specialized year) or ABA 
certified. Applicants must have demon- 
strated an interest in clinical teaching. 
Teaching of medical students and residents, 
supervision of CRNAs; clinical and/or sup- 
port are available for research. George 
Washington is an affirmative action/equal 
employment opportunity employer. Send 
CV to Burton S. Epstein, MD, Chairman, 
Department of Anesthesiology, The George 
Washington University Medical Center, 901 
23rd Street, NW, Washington, DC 20037. 
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ANESTHESIOLOGISTS 

Leading University affiliated specialty hos- 
pital expanding their professional staff to 
include additional clinical anesthesiolo- 
gists. Specific interest and/or additional 
training in the pediatric or neurothoracic 
area an advantage. Faculty appointment; no 
OB or ER services. Located in major Texas 
medical center. For further information, in 
strictest confidence, send curriculum vitae, 
or call Celand Enterprises, Rebecca Hen- 
derson, 6630 Harwin, Suite 152, Houston, 
TX 77036. (713) 974-1357. 
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CENTRAL MARYLAND 

Opportunity for BC/BE anesthesiologists 
beginning July 1986 or sooner. Good loca- 
tion. Corporate benefits. Minimal call. Send 
CV to Box N32, %Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 
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PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5.84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 
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CHAIRMAN, DEPARTMENT OF ANESTHE- 
SIOLOGY, UNIVERSITY OF TENNESSEE COL- 
LEGE OF MEDICINE 

Applicants should have strong credentials 
in the educational, investigative, and clin- 


ical arenas and should be capable of pro- 
viding strong academic leadership for this 
clinical department. Candidates are re- 
quested to submit curriculum vitae and 
names of three references, no later than April 
30, 1986, to Dr. Charles W. Mercer, Chair- 
man, Anesthesiology Advisory Committee, 
The University of Tennessee, Memphis 
(Center for the Health Sciences), 800 Mad- 
ison, Memphis, TN 38163. The University 
of Tennessee, Memphis is an equal oppor- 
tunity employer. 
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TEXAS/PEDIATRIC ANESTHESIOLOGIST 
Excellent opportunity available for BC/BE 
pediatric anesthesiologist with minimum one 
year pediatric fellowship. Be second person 
in exciting practice serving two children's 
hospitals. Experience in pediatric cardiol- 
ogy, PICU, NICU or pulmonology helpful. 
Hospitals offer all subspecialities. Must be 
eligible for Texas license (FLEX required). 
Benefits include competitive salary, mal- 
practice, profit sharing leading to partner- 
ship. If living in a city filled with cultural, 
recreational, and academic facilities while 
practicing in two of the SW's finest hospi- 
tals appeals to you, submit a CV with three 
references to Search Director, PO Box 2138, 
Fort Worth, TX 76113. 
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FLORIDA 

Board certified, eligible anesthesiologist to 
join quality MD group in desirable Miami 
suburb. All types of surgical procedures. 
Reply to Box N3, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 
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ORAL EXAM TUTORING 

March 14, 15, 16, 1986. Weekend session in 
Florida. Limited class size. Call for infor- 
mation: 419-475-9641 or 813-963-2272. 
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RESIDENCY WANTED 

Save my carrier in anesthesiology. Resi- 
dency wanted in PGY-3 level. No salary 
needed. I will pay for malpractice insur- 
ance. Contact Nabila Salama, MD, 8 McLeod 
Terrace, New City, NY 10956. Phone: 914- 
638-4488 or 212-293-1500. 
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BC/BE ANESTHESIOLOGIST WITH OB ANES- 
THESIA FELLOWSHIP TRAINING 

for director of OB anesthesia service for large, 
active Midwestern teaching hospital. Send 
CV and three references to Box P32 5c Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Ave., New York, NY 10017. 
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TEXAS 

Immediate opening available for board cer- 
tified/eligible anesthesiologist in modern 100- 
bed hospital located in Houston. All types 
of surgery performed except major vascular 
and neurosurgery. Minimal obstetrics. Please 
send CV and references to Box P33, % Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Avenue, New York, NY 10017. 





NEN mmsentuammendtvtem MEE aes 


NEW ENGLAND MEDICAL CENTER, BOSTON 
currently will accept applications for fellow- 
ships in cardiothoracic and pediatric anes- 
thesia to begin July 1, 1986. Applicants must 
be eligible for Massachusetts state licensure 
and have completed two years of training 
in an accredited anesthesia program. Ap- 
plications should be sent to Kurt F. Schmidt, 
MD, Chairman, Department of Anesthesia, 
New England Medical Center, 171 Harrison 
Avenue, PO Box 298, Boston, MA 02111. 





NERNNEbenasntmm RP UD EE 


EYE INSTITUTE 

Acceping inquiries from anesthesiologists 
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ies to Richard B. Hanafin, Director of Op- 
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1986, sponsored by the Brazilian Society ot 
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Society of Anesthesiologists. For informa- 
tion contact Carlos A. Da Silva Jr, MD, Ala- 
meda Adolfo Konder, 25, 88.000-Florianó- 
polis, Santa Catarina, Brazil. 


AND 





e e RP DE TT T T a mt menn 


UCS oO 


ANESTHESIOLOGY 
REVIEW COURSE 


MAY 16-21, 1986 
SAN DIEGO 


“IN-DEPTH” REVIEW 
COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited 
for 38 hours. 


Learn all YOU need to know about EEG 
monitoring and interpretation techniques. 


EEG MONITORING 
IN ANESTHESIA 
AND CRITICAL CARE 


State of the Art: 1988 


Betty L. Grundy, W.D, Course Director 





March 14-16, 1986 
Caesars Palace 


This symposium is designed 
to give the practitioner a 
complete review of the 
applications of basic 
science to the clinical 
practice of anesthesiology. 
Five one-day sessions will 
feature the following 
specialists: 


Jonathan L. Benumof, M.D. 
Mark R. Fahey, M.D. 

Carl C. Hug, Jr., M.D., Ph.D. 
John D. Michenfelder, M.D. 
Ronald D. Miller, M.D. 
Mark M. Mitchell, M.D. 
Joseph G. Reves, M.D. 
Mark C. Rogers, M.D. 
Barry A. Shapiro, M.D. 
Harvey M. Shapiro, M.D. 
Sol M. Shnider, M.D. 

N. Ty Smith, M.D. 


Designed primarily for residents in training or preparing for examina- 
tions and practicing specialists desirous of reevaluating their mode of 


Theodore H. Stanley, M.D. 
David J. Steward, M.B. 
Gale E. Thompson, M.D. 
John H. Tinker, M.D. 
Clarence F. Ward, M.D. 
Peter R. Wilson, M.B.B.S., 
Ph.D., .F. A.R.A.C.S. 


Course Directors: 
Jordan Katz, M.D. 
Lawrence J. Saidman, M.D. 


For further details write to: 

Dr. Jordan Katz 

Department of Anesthesia, 
M-029 

University of California, 

5an Diego 

La Jolla, CA 92093 

(619) 452-6969 


McGILL UNIVERSITY 


1986 ANNUAL REVIEW COURSE IN 


ANAESTHESIA 
MAY 26 - 30, 1986 


practice as it relates to currently accepted teaching. 
The distinguished guest faculty will include: 


Antonio J. Aldrete 
Philip Bridenbaugh 


Charles H. Lockhart 
Dennis T. Mangano 


Las Vegas, Nevada 
immediately precedes the annual meeting ot 
the international Anesthesia Research Societ 


A distinguished faculty will outline the indications for EEG monitoring 
and present tne state of the art in monitoring techniques and interpreta- 
tion. Participants will be introduced to most of the commercially available 
EEG monitoring instruments in smali 9roup sessions, and will compare several 
EEG processing devices with traditional strip-cnart £FGs simultaneously 
recorded in volunteer subjects, 


Roy Cronnelly 
Bruce F. Cullen 
Joseph Gabel 
Patricia A. Kapur Terry S. Vitez 
E. A. Heidi Kristensen Roger S. Wilson 


This course has been approved by the Faculty Committee on Continu- 
ing Medical Education at McGill University. McGill University is fully 
fecide if, when, and how the EEG should be monitored in their operating room accredited by the Committee on Accreditation of Canadian Medical 
Miis ie EL RM Schools (C.A.C.M.S.) and the Accreditation Council for Continuing 
TAE «nm Medical Education (A.C.C.M.E.) of the United States to sponsor 
Fred Bauman, R, Eeg T, Lawrence 5. Saidman, M.D, Continuing Medical Education for Physicians. 
Warren Levy, M.O James C. Scott, M.P. 


dudy Mackey-Hargadine, M.D., frank W. Sharbrough, MO. FEES: $340.00 (Canadian) or $275.00 (U.S.) 


n Y, Martin, Mf, Stephen Slogoff, M.D. 
Mire ues p UU ND * $240.00 (Canadian) or $200.00 (U.S) 
ion: * (Residents with letter from Chief of Service) 


Course Tuition 
$25.00 off for early registration 


Richard J. Palahniuk 
Robert Sladen 
Stephen Slogoff 


Physicians completing this course will have tfe information needed io 


$300.00 for all registrants before February 14, 1988; $350.00 afterwards, 
Enralisent is limited, Cancellation of registration by written notification 
oniy prior to February 21, 1985, Thera is a $40.00 cancellation fae, 


Send check payable 

inz., In Care of: 
Mrs, Carolyn Sehoenau 
Executive Secretary 


to the Anesthesiology Alumni Association of Florida, For Further details, write to: 
Claire Diano 
Post-Graduate Board 
Royal Victoria Hospital 
687 Pine Avenue West 
Montreal, Quebec 
H3A 1A1 
Tel. (514) 842-1231, ext. 264 


P.O. Box 13417 
Gainesville, FL 32504 
(904! 392-4616 
AMA Physician's Recognition Award--CredH 17 hours 
Sponsored by the Anesthesiology Alumni Aasociation of Florida, inc. 
Co-sponsored by the international Anesthesia Research Society 


INDEX TO ADVERTISERS 
American Critical Care 


HOSPOh: serar ree t race ee EEI rr ee were a À12 thru A14 
Anaquest 

ln Tc ETE A28 thru A30 

eaaa i erbam a o Edna oc dados i aedis i abd A19 thru A22 
Anesthesiology Alumni Aseociates of Florida, Inc. . 

Continuing EqucaHuon ricaccia Ped ee ttim ie vrbis A41 
Bristol Laboratories 

DIDO OL caudae uiu vOv OTACUPR qu E Apos bu o US Cover 4 

- Burroughs Wellcome Co.. 
By 06) ui tiM ELTERN A23 thru A26, Cover 3 
` Canadian Anaesthetists’ Society | 

SU DSCT DONS eros iai be IDEEN d cero opas ates desde ox i eas Bee A15 
Classified Advertising .......... lesse e ee eee eens A39, A40 
Janssen Pharmaceutica 

MODNE Notes nee voted die Meee s a rada Ud rua €——Á— P A16, A17 

DUONG: Scania dda hae Gia ides 1d diem a aa aa A6 thru A8 
Lydette Publishing Company Se ee ee re eer rere Tt: A18 
Olympus Corporation 

PIS gS Aap tain abd Geer anes eta. aaa TD ——— m A9, A10 
Organon Pharmaceutical 

RESONO 3 Josse oiov Vere dei ES MIETEN, ree Cover 2, A1 
ProTechPacific 

POLI OW us oct ance ped ceti atas fie Mp qi quaft ead STU A35 

DRUDO Cibo SW RSIPRaSrE Cb a aad Ghee aie odo d E qc All 
Royal Victoria Hospital 

. sSGonimulng EduGdhON so 225scateede PE EE SY henis EET dete A41 

University of California, San Diego 

Continuing BOuCatloRt. caseo tacet ERR VETE eia Serre A41 
Winthrop-Breon Laboratories 

OCOT eos acd tet S ct e Re S Le bad UU aes A31 thru A34 


Advertising Office: Pharmaceutical Media, Inc., 130 Madison Avenue, 6th 
. Floor, New York 10016. Telephone: (212) 685-5010 


if I ] | | á 
The new, easily 
identifiable, economical, 
shatter-resistant, 10 mi, 
multiple-dose vial 


(100 mg atracurium besylate per vial). 


= 


) 
| Sr. 1 } 


— 
— 


" a Ars 


Bo dafs 
Ww T 250 $ e 
^ "- 
tia : ’ ' 
rg T—— | | ^ | (3) : 
£ : » J 211111 | 
= : ! + 
F E 1 L j 
7 LI 5 - à 
2 bad 
Ew 
La i 
LE 
t ó 
= 
* 
~ 


TT M 
E 


v * Burroughs Wellcome Co. 
S Research Triangle Park 
2 Em -— / North Carolina 27709 





INSTEAD. 


Syracuse. New York 13221-4755 


Y i : 5 Bns : 
AN | | j BRISTOL” Deion of Bona bars Company 


/ 





SUPPLEMENT 
Abstracts of Scientific Papers 
1986 Annual Meeting 


ISSN 0003-2999 
Volume 65, Number 25, February 1986 


NOS TESA 
'"Amalgesia 


Poc. 


— 


ES . VAS i |] 


| 


Journal of the International Anesthesia Research Society 
Oldest Publication in the Specialty—Established 1922 





ANNOUNCING: 

The new, easily 
identifiable, economical, 
Shatter-resistant, 10 ml, 

multiple-dose vial 


(100 mg atracurium besylate per vial). 





y 


mus 


T! 


c 
be. 
"T 
= 
en 
E: 
c 
= 





fo fe 
wr S D. P 
I CH CH COICH, ) OCCH, CH; 


2 
LO 


OCH, 


DUAL PATHWAYS 


ESTER HYDROLYSIS HOFMANN ELIMINATION 


At normal body 
temperature (37°C) 
and pH (7.4) 


CH0 
0 [^] o 
A 3 | : j 29 t NUS y l Ts 
H CH, OC CH, CH5 CH CH CO(CH A OCCH =CH, 


CH. 
Quaternary 1 * Quaternary |? 
Acid Alcohol 
CHO OCH, 


1 
i 
v 
Cx > 
2 
"T2 ~ 
TY i 
e. i 
Sar 
E 
à d. 
ip 
ard 
—-. r 
T 
po ’ 
ANS 
1 
"Ll 
> 
a 
i 
Daz 
E 
i 
2$" 
D». + 
En 
Ls 
- 


- « 


Convenient and Ready to Use 


Tracrium is easily administered —requires 
no premixing. 


eM 
AS ALL ee TM 
MES f> 


~ f 

wae, be 

a ae bs 
i LJ 


i EH —— 
t - . IC 


es 


"n 
' 


fz 


^ e 
WA 
ipm mms 
| zio 
“Np Sid a 
Y “ad Pu 
tst d 
A mes > 
7 





Cardiovascular effects of atracurium 
N ( ) N 


Dosage Mean Blood Pressure (% control) Dosage Mean Heart Rate (% control 


(mg/kg) Values + SD (mg/kg) Values + SD 


TRAGRIUM ection 





Find out more about 
TRACRIUM® INJECTION 
(atracurium besylate) 


at 
The International Anesthesia 
Research Society Meeting 


Las Vegas 
March 15-19, 1986 


TRACRIUM INJECTION 


atracurium besylate 











[Nest axes 
ama AMAIGeSIA 


Journal of the International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122 Telephones: (216) 295-1124 or 295-1130 


Editorial Board 


Editor in Chief 
Nicholas M. Greene, MD, New Haven, Connecticut 


Editors 


David R. Bevan, MA, MB, BChir, 
Montreal, Quebec, Canada 
D. Ryan Cook, MD, Pittsburgh, Pennsylvania 
Michael J. Cousins, MD, FFARACS, FFARCS, Adelaide, 
South Australia 
Benjamin G. Covino, PhD, MD, Boston, Massachusetts 
Norig Ellison, MD, Philadelphia, Pennsylvania 
Mieczyslaw Finster, MD, New York, New York 
Alison B. Froese, MD, Kingston, Ontario, Canada 
Edward D. Miller Jr, MD, Charlottesville, Virginia 
Daniel M. Philbin, MD, Boston, Massachusetts 
Cedric Prys-Roberts, MA, DM, PhD, 
Bristol, United Kingdom 
J. Gerald Reves, MD, Durham, North Carolina 
John H. Tinker, MD, Iowa City, lowa 
K.C. Wong, MD, PhD, Salt Lake City, Utah 


Book Review Editor 
Norig Ellison, MD, Philadelphia, Pennsylvania 


Editorial correspondence and manuscripts should be addressed to: 
NICHOLAS M. GREENE, MD, Editor in Chief, Anesthesia and An- 
algesia, Yale University School of Medicine, 333 Cedar Street, New 
Haven, Connecticut 06510 (Telephone: 203-785-4703). For infor- 
mation concerning preparation of manuscripts see "A Guide for 
Authors" published quarterly in the Journal. All articles published 
in this Journal become the property of the International Anesthesia 
Research Society. Reproduction in whole or part is not permitted 
except by written consent of the publisher and the author. 


Books for review should be sent directly to the Book Review Editor, 
NORIG ELLISON, Mp, Department of Anesthesia, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104. 


Reprints: For single copies, write directly to the senior author at 
the address listed on the title page. Quantity orders (minimum 100) 
processed through ELSEVIER SCIENCE PUBLISHING CO, INC, 
32 Vanderbilt Avenue, New York, NY 10017, prices on request. 


The International Anesthesia Research Society is a nonprofit, scientific, and 
educational corporation in the state of Ohio. Members of the Board of Trust- 
ees of the Society are: Douglas B. Craig, mp, Bruce F. Cullen, Mp, E. Paul 
Didier, Mp, Judith H. Donegan, MD, Pho. Noel W. Lawson, Mp, John T. 
Martin, MD, Emerson A. Moffitt, MD, Dean H. Morrow, Mp, Robert K. Stoelt- 
ing, MD, and John L. Waller, mp, Emeritus Trustees are: Paul R. Dumke, MD, 
Morris J. Nicholson, Mp, B.B. Sankey, Mp, and T. H. Seldon, MD. 


Anesthesia and Analgesia (ISSN 0003-2999) is issued monthly for the IARS in 
one indexed volume per year by Elsevier Science Publishing Co, Inc, 52 
Vanderbilt Avenue, New York, NY 10017. Printed in USA. € 1986 Inter- 
national Anesthesia Research Society. Second class postage paid at New 
York, NY and at additional offices. 


Subscription information for 1986 applying to IARS members: USA and pos- 


sessions, $50.00 per year, in all other countries $61.00. Membership is avail- 
able to individuals with doctorate degrees in medicine, osteopathy, dentistry, 
veterinary medicine, or other disciplines who are engaged in active clinical 
practice of or research in anesthesiology. ASSOCIATE MEMBERSHIP is available 
to individuals certified, licensed, or accredited in anesthesia-related profes- 
sions (CRNA, CRTT, RRT, Physician Assistant). EDUCATIONAL MEMBERSHIP 
(half the full member price) is available to interns, residents, students in 
nurse anesthesia and related training programs, for a 2- or 3-year period 
only upon completion of application including certification by applicant's 
program director. 


All membership payments and correspondence regarding [ARS member sub- 
scriptions should be sent to: Emerson A. Moffitt, MD, Executive Secretary, 
International Anesthesia Research Society, 3645 Warrensville Center Road, 
Cleveland, Ohio 44122. 


Subscription information for 1986 applying to non-IARS members: Institu- 
tions, $95.00; nonmember individuals, $50.00. Outside of the USA and pos- 


sessions, please add $11.00 for surface postage and handling. For airmail, 
add $40.00 in USA, Canada, and Mexico, $23.00 for surface airlift to Europe, 
$36.00 for surface airlift to Japan, and $93.00 for airmail to the rest of the 
world. Postmaster: Send address changes to: Anesthesia and Analgesia, Else- 
vier Science Publishing Co, Inc, 52 Vanderbilt Avenue, New York, NY 10017. 


Orders and inquiries regarding institutional and nonmember individual sub- 
scriptions should be directed to: Journals Fulfillment, Elsevier Science Pub- 
lishing Co, Inc, 52 Vanderbilt Avenue, New York NY 10017. Subscriptions 
are entered for the calendar year, January-December. 


Correspondence inquiries regarding IARS member subscriptions should be 
sent to the IARS at the Cleveland, Ohio address above. Correspondence 
regarding all other subscriptions should be sent to Elsevier. 


Advertising inquiries should be addressed to: Pharmaceutical Media, Inc, 
130 Madison Avenue, New York, NY 10016. The appearance of advertising 
in publications of the International Anesthesia Research Society does not 
constitute a guarantee or endorsement of the quality or value of such product 
or of the claims made for it by its manufactuer. Discussions, views, and 
recommendations as to medical procedures, choice of drugs, and drug dos- 
ages are the responsibility of the authors. Every effort has been made to 
ensure the accuracy of the information. The editor, publisher, or the Society, 
however, must disclaim any responsibility or liability. Readers are advised 
to check package insert information for each drug before administration. 


See classified ads section for submission of classified material. 
Single issues: Single copy information available from Elsevier Science Pub- 


lishing Co, Inc, upon request. Back volume (all issues prior to 1983) infor- 
mation available from IARS. 


Anesthesia 
amd ANT 





Abstracts 
Presented at the 
International Anesthesia Research 
SNAM 60th Congress 


Las Veins Nevada 
March 15-19, 1986 


Journal of the International Anesthesia Research Society 


ANESTH ANALG 
cone 1986;65:51-5170 51 
Title: INTRAOPERATIVE LEFT VENTRICULAR WALL MOTION - TRANSESOPHAGEAL 2-D ECHOCARDIOGRAPHIC IMAGE 
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Introduction. Coronary artery bypass grafting 
(CABG) affords symptomatic relief of angina and may, 
in selected subgroups, improve survival (1). 
However, the effect on both global and segmental 
left ventricular (LV) function remains unclear. 
Unchanged, diminished and improved postoperative LV 
function and wall motion have all been reported 
following CABG (2). The development of new regional 
wall motion abnormalities (RWMA) is both a sensitive 
and early indicator of myocardial ischemia (3). The 
purpose of this study was to evaluate the different 
methods available for analysis of RWMA obtained from 
intraoperative recordings with a two-dimensional 
TM transesophageal echocardiographic (TEE) probe 

4 * 

Materials and Methods. The procedure was 
approved by the Institutional Review Board and in- 
formed consent was obtained from each patient. Ten 
males and one female with a mean age of 65 years 
having CABG were studied. One patient had an aortic 
valve replacement in addition to CABG for coexis- 
tent aortic valve stenosis. The indications for 
operation were Class III-IV angina in all patients. 
Six patients had three, four had two, and one 
patient had single vessel disease, respectively. 
Eight patients had a previous history of myocardial 
infarction. Five patients had ejection fractions 
< 50%. The anesthetic regimen was composed of a 
narcotic base supplemented with a volatile inhala- 
tional anesthetic agent. 

A 3.5 mHz transesophageal 9 mm endoscopic probe 
(Diasonics) was inserted into the patient’s esoph- 
agus following intubation. The transducer was 
positioned so as to obtain a LV short-axis view at 
the papillary muscle level. Adjustments were made 
on the basis of the relative size of the papillary 
muscles and the shape of the LV to obtain a true 
short-axis view. Small adjustments were made 
throughout the operation to keep the same segment of 
myocardium in view. Real-time images were displayed 
on a Diasonics 3400 2-D echocardiographic machine. 

Analysis. Recordings were obtained at the 
following times: before sternotomy, after ster- 
notomy, five minutes after bypass, and skin closure, 
Representative cycles of the short-axis view of the 
LV at each of the above four periods were digitized 
on an echocardiographic computer system (Micro- 
sonics). Endocardial and epicardial borders were 
traced at end-diastole and end-systole. This 
enabled a fractional area change (FAC)* to be com- 
puted. Differences in FAC among the four periods 
were tested for significance using a paired t-test. 

Systolic wall thickening (SWT)|! was computed for 
each quadrant by dividing the myocardium into four 
segments and using a fixed-external frame of 
reference. 

The digitized cardiac cycles were then trans- 
ferred to a quad-screen display in order to view all 


four periods of the operation simultaneously for 
subjective analysis of wall motion by two indepen- 
dent'observers. A five-segment model was used to 
grade the visual wall motion (5). 

Results. Adequate imaging could not be obtained 
in one patient. There were no complications. 

l. Area: The FAC and LV diastolic area changed 
dramatically during the operative procedure in indi- 
vidual patients. There was no consistent pattern of 
change overall. The intraobserver variability of 
FAC was low. 

2. Systolic wall thickening: The calculated 
fractional thickening correlated poorly with the 
visual analysis of wall motion due to difficulty in 
identifying the epicardial borders. Further 
analysis was not done because of large observer 
variability. 

3. Qualitative wall motion analysis: 54% of 
segments remained unchanged, 26% deteriorated and 
20% improved. This outcome was independent of seg- 
ment location or its preoperative wall motion. 
Intra- and inter-observer variability analysis 
showed agreement on wall motion in more than 80% of 
segments analyzed. There was disagreement on less 
than 2.5% of segments by two or more grades. 

Discussion. The computer-derived LV cavity area 
and FAC are feasible and reproducible methods for 
analyzing TEE images obtained during CABG. Serial 
changes in FAC do not necessarily reflect the 
intrinsic contractility of the myocardium due to the 
marked changes in loading conditions occurring 
throughout the operation. Nonetheless, serial FAC 
and LV diastolic area provide the anesthesiologist 
with a relative index of function and volume. 

Visual qualitative determination of wall motion had 
a low intra- and inter-observer variability in this 
study. The ability to detect changes in regional 
wall motion is enhanced by simultaneously displaying 
the echocardiographic images obtained at different 
phases of the operation. 


*FAC = diastolic area - systolic area 
lastolic area 
TSWT = systolic thickness - diastolic thickness 
systolic thickness 
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Introduction: Propofol (PROP) is a water insoluble 
intravenous induction agent with a 2.5 minute (min) 
distribution phase and a 55 min elimination phase*. 
It has been reformulated in an aqueous emulsion 
offering both efficacy and safety2. We wanted to 
compare PROP with thiopental (TPL) and methohexital 
(MTX) utilizing cardiovascular, respiratory, and 
subjective and objective central nervous system 
variables. 

Methods: After institutional approval and informed 
consent, 113 male, ASA 1 and 2 patients had either 
2.5 mg/kg PROP (n = 39), 4.0 mg/kg TPL (n = 38),or 
1.5 mg/kg MTX (n = 36) in a random, open-label 
fashion. After premedication I.M. with diazepam, 
meperidine, and glycopyrrolate, an infusion of D5W 
was started in a large vein. Monitors included: 
lead II EKG from which pulse (HR) was measured, an 
Accutor #1, with cuff placed on the arm opposite the 
I.V. and systolic and diastolic blood pressure (SBP 
and DBP) printout.  End-tidal C02 (ET C02) was 
measured with a SARA Mass Spectrometer. A stopwatch 
was used. The agent was administered during 20 
seconds and each patient counted; when verbal con- 
tact, confirmed by eyelash reflex disappeared, in 
duction was considered finished (efficacy excellent). 
If the patient did not fall asleep, or awakened, 

half the induction dose was repeated (efficacy 
good). Assessment of physiologic variables was made 
for three min post-injection. At the end of three 
min succinylcholine 1.5 mg/kg was administered, the 
patient intubated and N20 - 02 (3L/2L) with iso- 
flurane given. The following were recorded:  HR,SBP, 
DBP, respiratory rate (RR), ET C02, times for in- 
duction, onset of apnea, incidence of apnea, awaken- 
ing, response and orientation. Discomfort on injec- 
tion, signs of CNS excitation, hiccoughs, signifi- 
cant EKG or laboratory changes and ability to in- 
duce anesthesia without reinjection were noted. The 
data were analyzed with standard chi-square tests, 
Cox regression models, log-rank tests and logistic 
regression. With the number of patients used, any 
differences in response of 20% could be detected 
with the power of 0.25 and a type 1 error of 0.05. 
Results; See Tables 1, 2, and 3. No different 
times for induction occurred between groups. How- 
ever, TPL was associated with a longer awakening 

and response time than MTX while PROP had a faster 
orientation time than TPL. PROP was associated with 
a slower pulse than MTX as was TPL. On the other 
hand, PROP had lower SBP's and DBP's than did TPL 
and MTX. PROP also was associated with a slower RR 
than were the other two. Although more CNS excita- 
tory activity occurred with PROP this was not statis- 
tically significant. There were seven incidences of 
hiccoughs with MTX and none for the other two agents. 
Only four patients receiving PROP required additional 
induction dose (half) while almost a dozen of each 
of the other two groups did (p « 0.05). 

Discussion: Although PROP has held potential as an 
induction agent because of its rapid action, short 
duration and fast recovery, its introduction has 
been slow. This comparison of PROP, TPL and MTX 
demonstrated some differences in CNS effects such as 
PROP's faster orientation time when compared with 
TPL and PROP's significantly better efficacy i.e., 


less additional induction agent. Four mg/kg of TPL 
and 1.5 mg/kg MTX may be insufficient. There were 
more signs of CNS excitation with PROP and MTX when 
compared with TPL (not statistically significant). 
PROP had a more stable HR but a lower DBP and SBP 
than the two barbiturates. The high incidence of 
hiccoughs with MTX makes it disadvantageous. In con- 
clusion, all of thee induction agents have advantages 
and disadvantages; PROP proved to be a safe and ef- 
fective anesthetic which is an alternative to TPL 

and MTX. 
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Table l: Onset and Recovery from Anesthesia 


uM Time (sec) E Time Sila 
* 


JHR " " 


26 + 3 4i t4 
*TPL vs MIX p < 0.03  **TPL vs MIX p < 0.05 
***PROP vs PL p «0.05 







19 + 2 33 t 4 









Table 2: Cardiovascular and e Effects 


“HR pg! “DBP “RR iF ET CO2^| Apneic 
( /min)| (mm Hg) | (mm Hg) ( /min)| (mm Hg) Patients 
45.4 t 


^Mean Change, t Standard Error of the Mean 
*PROP and TPL vs MTX p < 0.01 

**PROP vs TPL and MTX p « 0.01 

***PROP vs TPL and MIX p « 0.02 


Adverse Effects and Effícacy 
Table 3: (Repeat Induction Dose) 


| Efficacy | 
Discomfort] Excitator | Efficacy | 
Injection | Activity |Hiccoughs sh el 


PROP 
TPL 3 0 27 1l 
MIX 2 7 24 12 


*MTX vs TPL and PROP p < 0.61 
**See Text for criteria. PROP vs TPL and MTX p « 0.05 
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Introduction. Epiglottitis is an infectious disease which 
ean rapidly progress to acute airway obstruction. There 
are two common methods for the anesthetic management 
of epiglottitis. Awake intubation with a rigid broncho- 
scope or endotracheal tube with subsequent delivery of 
anesthetic gases is one recommended method. An 
alternative technique is an oxygen/halothane mask in- 
duction followed by endotracheal intubation. Review of 
our management of epiglottitis over a twelve year period 
has convinced us that the use of ketamine represents a 
safe alternative method of handling this problem. 


Methods. We reviewed the charts of children with a 
discharge diagnosis of epiglottitis from the years 1973 
through 1984. Our Committee on Human Investigation 
approved the review. 


When epiglottitis was suspected, the staff anesthetist was 
consulted and the history and physical were evaluated. 
When appropriate, intubation was carried out for airway 
support. Intubations were performed by staff anesthetists 
(92%), anesthesia fellows (3%), anesthesia residents (4%), 
or pediatric residents (1%). 


Following intubation, a leak around the endotracheal tube 
was checked and position confirmed by chest x-ray. The 
patient was transferred to the pediatrie intensive care 
unit and kept sedated’ When the patient was afebrile the 
epiglottis was examined at the bedside to demonstrate 
that edema had subsided and extubation was indicated, 


We tabulated the success of intubation, the complications 
of intubation, anesthetic technique and eventual hospital 
course for the following three groups shown in Table 1: 
Ketamine anesthesia; other anesthetics ("ANES"); and 
awake intubation. Analysis of variance followed by the 
appropriate critical value test for multiple comparisons 
was used to compare the 3 groups. P values less than 0.05 
were considered the minimal level for statistical signi- 
ficance. 


Results: Intubation was performed in 107 of 111 
patients. One patient required intubation twice because 
of premature self-extubation. Three patients were ob- 
served without an endotracheal tube. One child needed an 
emergeney tracheostomy after a failed attempt at awake 
intubation at another institution. No patient required 
tracheostomy beeause of failed intubation in our in- 
stitution. There were no deaths attributable to upper 
airway obstruction. Six patients intubated at outside 
institutions were not included in our analysis. 





TABLE 1 

Ketamine Anes.* Awake 
Total number 58 19 24 
pts. intubated 57% 19% 24% 
Mean Age 3.1 2.9 2.9 
Intubated 59 16 21 
lst Attempt 9596 8496 8896 
Vomiting on 0 1 1 
induction 0% 5% 4% 
Raeemie Epinephrine 5 2 6 
following extubation 9% 11% 25% 
Mean duration of 
intubation (days) 3.2 3.5 3.7 
(S.D.) (1.4) (1.0) (1.7) 


*Alternate anesthetic approaches ineluded neuromuseular 
blockade, halothane, and sedatives. 


The ketamine group did not differ in any significant 
manner from children intubated with other techniques. 
The mean ketamine dose was 2.5 mg/kg with a range of 
0.8 - 5.4 mg/kg.  Seeretions were minimized pre- 
intubation using atropine in 84% of the ketamine group. 


Conclusion. 
Anesthetic management of the pediatric airway emer- 
gency of epiglottitis should emphasize safety and rapidity 
of establishing the airway. 


1) In our experience ketamine represents an acceptable 
alternative technique for the anesthetic management of 
epiglottitis. 

2. All cases in which ketamine was used were suc- 
cessfully and safely intubated in the Emergency Room. 
This represents an average saving of $250 operating room 
time. This eliminates the potential danger involved in 
transporting patients to the Operating Room. 


There is no one method of treating epiglottitis. Keta- 
mine has been disparaged as an agent for airway 
management because of the possibility of increasing 
airway reflexes and provoking vomiting. In our ex- 
perience, neither theory has proven valid. Ketamine 
provides safe rapid access to the endangered airway. 
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Introduction. There is a general consensus that with 
most ventilators used during anesthesia, changes of fresh 
gas flows (FGF) fed from the anesthesia machine into the 
breathing circuit, do not alter the tidal volume (V) 
delivered to the patient, as long as the ventilator settings 
are unaltered (1,2). However, observations made by Ghani 
(3), at 2.5 and 10 L/min of FGF, suggested a significant 
difference in V« at these two levels. In a step-down fashion, 
we measured the performance of four different ventilators 
(Narco Air Shields, 702 Fraser Harlake, Driiger A-V, and 
Ohio 7000) from 10 to 0.3 L/min having found marked 
unpredictability in their performance when FGF were 
changed. 


Methods. A Fraser Harlake respirometer was attached 
proximally to the Y-piece of the breathing circuit and 
distally to a breathing bag with a corrugated tube of 
approximately 100 em to simulate the clinical condition. 
Starting from 10 L/min, FGF were decreased one liter at a 
time down to 1.0 L/min making measurements at each level 
and also at 0.5 and 0.3 L/min, using a constant IE ratio 1:2. 
At each level, the displacement of the bellows was con- 
firmed as being 1000 ml/breath and the frequeney 10/min, 
measurements of peak pressure, delivered Vt and minute 
volume (V) were made using four different ventilators. 


Results. All ventilators failed to consistently deliver 
V« as indicated by bellows displacement when FGF were 
varied. All ventilators except the Drëger A-V delivered 
more than 1000 ml at FGF of 10 L/min; the Ohio 7000 
delivered a V« 2496 higher. The optimal point (at which the 
actual V+ equaled precisely bellows displacement) varied 
with each ventilator. With stepdown decreases of FGF, 
there was a progressive reduction of delivered V4; the worst 
performance was seen with the Drager A-V which delivered 
only 660 ml at 0.3 L/min (Figure). These results showed: 
r= .998 and p<.001 (for Vt /FGF) and r= .994 and p< .001 
(for peak pressure /FGF). 


Discussion. The effective V« of the ventilators studied 
was observed to be significantly different from that shown 
on the bellows displacement settings when FGF were varied. 
At 10 L/min FGF, of the four ventilators studied, three 


delivered larger V. than indicated; below 7 L/min of FGF, 
all of them delivered less than indicated. The incorporation 
of an expiratory spirometer is recommended to precisely 
verify the V« received by anesthetized patients having their 
respiration controlled mechanically. 
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Introduction. We have shown in rats that 
sufentanil produced a dose-dependent reduction in 
halothane MAC with a maximum reduction of greater 
than 90%. In addition, serotonin (5-HT), but not 
catecholamines (CA), were depleted in the cord and 
medulla of these rats after receiving high doses 
(> 1 x 107*mg.kg^«min??) of sufentanil compared to 
low doses (< 7 107?mg.kg^l, min*!) of sufentanil. 
This evidence supports the hypothesis that sufentanil 
may contribute to an analgetic component of general 
anesthesia by modulating nociception via the release 
of 5-HT. To test this hypothesis further and to 
identify the nature of the analgetic component, a 
dose response curve of halothane MAC reduction vs 
sufentanil doses was determined using rats depleted 
of central 5-HT with parachlorophenylalanine (PCPA). 
If the function of central 5-HT is an important 
component of halothane MAC reduction with sufentanil, 
then depletion of central 5-HT may identify that 
component and possibly reduce the anesthetic potency 
of sufentanil. 


Methods. Eight Sprague-Dawley rats weighing 
between 275-325 gms were each given a single injec- 
tion of 200 mg.kg ^! of PCPA IP 48 hours prior to 
each experiment. Rats were then anesthetized with 
halothane, intubated, and ventilation controlled 
with a Harvard animal respirator. Arterial blood 
gases were maintained normal throughout each experi- 
ment. The femoral artery and vein were cannulated 
using PE50 tubing. Heart rate and colonic tempera- 
ture were monitored. Concentrations of halothane, 
sampled from the lungs, were assayed by gas chroma- 
tography. Halothane MAC in the presence and absence 
of sufentanil was established. MAC was considered 
to be the point midway between the highest concentra- 
tion of halothane that produced a positive test and 
the lowest concentration of halothane that produced 
a negative test to tail clamp. After an intravenous 
bolus that was three times the subsequent infusion 
rate, sufentanil was administered in doses ranging 
from 10-9mg.kg-l.min^! to 107?mgekg^iemin^! by  : 
continuous infusion. At the conclusion of each 
experiment, brains were removed and the 
hypothalamus, medulla, and cord (Cl to C5) were 
dissected and assayed for CA and 5-HT by HPLC with 
electrochemical detection. Standard statistical 
tests were used to analyze data. 


Results. Central 5-HT was depleted by greater 
than 70% with PCPA while central CA were minimally 
affected by this treatment. The pre-sufentanil MAC 
of 0.70 vol% + .03 for PCPA-treated rats was not 
different (p«.05) from the pre-sufentanil MAC for 
control rats previously reported. In the figure, 
the dose-response curve for PCPA-treated rats 
generated in this study is superimposed onto the 
dose-response curve for contro] rats determined 

y- ^ At low doses of sufentanil 


by the PCPA treatment. The EDsg value (extrapolated 
from the linear portion of the dose-response curve) 


of 8.5 x 10-"mg.kg-!.min-! for PCPA-treated rats 
was more than tenfold greater than the EDs) value 


.for control rats. 


Discussion. This study clearly showed that 
5-HT function was an important factor in the 
reduction of halothane MAC by sufentanil. 
Depletion of central 5-HT with PCPA caused a 
decrease in the anesthetic potency of sufentanil 
as indicated by an increase in the EDso for MAC 
reduction from 6.5 x 1079?mg.kg le min" to 
8.5 x 10^*mgskg lemin !. The authors recognize 
that there may exist more than one possible 
mechanism for the analgetic effects of narcotics. 
In this case, reductions in central 5-HT, although 
quite extensive, were not reflective of equivalent 
reductions in the potency of sufentanil. In 
addition, the decrease in potency of sufentanil 
was not characterized by a simple shift in the 
dose-response curve of the control. Depletion of 
centra] 5-HT was most effective at mid-range doses 
and less effective at very low and very high doses 
of sufentanil. At these extremes of the dose- 
response curve, MAC reduction may proceed by 
mechanisms not involving 5-HT function. Neverthe- 
less, the data show that the anesthetic potency of 
sufentanil was diminished by PCPA-depleted stores 
of releasable 5-HT. Furthermore, the nature of 
the analgetic component may involve 5-HT function 
at mid-range doses of sufentanil. We conclude 
that sufentanil contributes to an analgetic 
component of general anesthesia by modulating 
nociception via the release of 5-HT. 


o Control 
e PCPA-Treated 


X MAC Reduction 





Log [Sufentanil] (mg/kg/min) 


*p«0.05 compared to control 
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Introduction. 1.5 - 2.5 MAC end-expired isoflurane 
(ISP) has been proposed as a desirable treatment to 
produce elective hypotension because of the cerebral 
protective effect of ISF during conditions of reduced 
oxygen and substrate delivery (1). However, when 
elective hypotension is used for neurological surgery, or 
for cases where ICP is of concern, hypocapnia frequently 
is used along with the hypotensive treatment. Currently 
available data suggest that there may be some hazard in 
combining hypocapnia with 1.5 = 2,5 MAC ISF for elective 
hypotension. Previous studies at 1 MAC ISF reported 
that ISF enhances the cerebral vasoconstriction caused 
by hypocapnia, reducing cerebral blood flow (CBF) to 
near "critical" levels (2). If hypocapnia also causes 
cerebral vasoconstriction during ISF-induced hypotension, 
CBF may be reduced to below "critical" levels resulting 
in cerebral ischemia. The present study was designed to 
examine whether CBF decreases with hypocapnia during 
ISF-induced hypotension in dogs, and if so whether CBP 
is reduced to below "critical" levels. 

Methods. Twelve dogs were anesthetized with 
isoflurane (1.5 MAC) and ventilated to maintain Pap, > 
120 mm Hg and Paco, = 40 mm Hg. A femoral artery was 
cannulated for blood sampling for blood gas analyses 
and continuous monitoring of mean arterial pressure 
(MAP) and heart rate. The posterior saqgital sinus was 
cannulated for direct measurement of CBF. Expired CO 
was continuously monitored using a Beckman LB-2 medical 
gas analyzer. At completion of the surgical procedure, 
the concentration of isoflurane was decreased to 0.2 
MAC. After stable baseline measurements were observed, 
six of the twelve dogs (Group I) were examined at normo- 
tension with and without hypocapnia (hypocapnia = Paco, 
20 mn Hg). Next the concentration of ISF was increased 
until MAP was reduced to 50 mm Hqe Systemic and cerebral 
values were determined at hypotension with and without 
hypocapnia, Each condition was maintained for 30 min 
before cerebral and systemic values were determined. 
The remaining six dogs (Group II) were examined at ISF- 
induced hypotension to MAP of 50 mm Hg without prior 
testing of CO, responsiveness at normal MAP. This group 
was included to rule out the possibility that in the 
first group the CBF response to normocapnia and hypo- 
capnia during hypotension was influenced either by time 
(2 hr elapsed before hypotension was induced) or by the 
30 min exposure to hypocapnia at normal MAP. After 
testing at ISF-induced hypotension, systemic and cerbral 
values were determined at sodium nitroprusside (SNP)- 
induced hypotension to MAP of 50 mm Hg. Cerebral vas- 
cular resistance (CVR) was calculated as the ratio of 
MAP and CBF. Statistical comparisons were made using 
analysis of variance for repeated measures with p « 0.05 
considered significant. 

Results. During  normotension,  hypocapnia signi- 
ficantly increased CVR (by 82%), and decreased CAF (by 
43%) in Group 1 (Table). In the same dogs, during ISF- 
induced hypotension, hypocapnia still caused a signifi- 
cant increase of CVR (by 28%), though the increase was 
less than that caused by hypocapnia at normal MAP. 
Also, during ISF-induced hypotension, hypocapnia still 
caused a significant decrease of CBF (by 22%), though 
the decrease was less than that caused by hypocapnia at 
normal MAP. In Group II the cerebrovascular responses 


Table, Cerebral and Systemic Values, Group I (mean + SD) 


to hypocapnia during  ISF-induced hypotension were 
similar to those observed in Group I. In contrast, no 
statistically significant change in CVR or CBF occurred 
with hypocapnia during SNP-induced hypotension. End- 
expired ISF values for Groups I and II at MAP of 50 mm Hg 
were ~ 1.7 MAC. The magnitudes of the arterial blood pH 
increase and bicarbonate decrease were not significantly 
different between groups. 

Discussion. The results suggest that the cerebro- 
vasodilation accompanying ISF~induced hypotension attenu- 
ates but does not completely override the cerebrovaso~ 
constrictor response to hypocapnia. In contrast, in 
previous studies from this laboratory the cerebrovaso- 
constrictor response to  hypocapnia was completely 
abolished at MAP of 50 mm Hg induced with SNP, trimetha- 
phan, or nitroglycerin. In theory, the reduction of 
CBF caused by hypocapnia during ISF~induced hypotension 
may increase the risk for ischemia. However, CBF values 
during hypotension plus hypocapnia (39.4 + 4.8 mle 
min" !*100 q , mean + SD) were well above "critical" 
levels. The present results imply that hypocapnia may 
be used to decrease cerebral blood volume to improve 
operative conditions during ISF-induced hypotension for 
neurological surgery. 
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Norm MAP Norm MAP MAP-50 MAP=50 
Pagg,=40  Pacg,=20  Pagg,=40 ^ Paco,-20 

CVR, 103040034  2.3650.718 0.9840.138 1.2540.13° 

mmHg/mlemin |*100 g^! 

CBF, 81.4521.3  46.2t13.7* 50.036,59 — 39.4t4.8P 

mlemin «100 g^! 

P550»,* 58411 34273 S0£7 3545P 

mmHg 

MAP, 106412 108413 48t1? 4942 

mung 

Paco»: 41 2052.7 22.411 477 41 2922.6 23.911 „9P 

mn Hj 

pH 7.3440.04 7.4940.04% 7.2640.03 7.4340.04? 

Ricarbonate, 

mB3/À 21074108 «170042012 — 18.641.9 =: 15.841. 7 





a=significant difference vs. normMAP and Paço =40, p«0.05 
besignificant difference vs. MAP=50 and Paco, 740, p«0.05 
e=saggital sinus blood oxygen tension 


R 


Seattle, Washington 98195 


Introduction. Oontroversy exists between those who 
advocate placement of pulmonary artery (PA) catheters and 
those who prefer right atrial (RA) catheters for treatment 
of venous air emboli (VAE). One issue in this controversy 
that has not been addressed is whether the small single 
lumen of the CVP port of PA catheters would present a 
clinically significant impairment in the ability to 
aspirate VAE. Regarding RA catheters, there is also 
uncertainty as to the clinical efficacy of single-orifice 
versus multi~orifice catheters. Using an in vitro casting 
of a human atrium, Bunegin et al. examined the retrieval 
of "intravascular" air with single- and multi-orifice 
long-line catheters (1). Significantly greater propor- 
tions of VAE were retrieved with multi-orifice catheters 
than with single-orifice catheters. The authors specu- 
lated that these results may have implications for choice 
of catheter and location of catheter tip in clinical prac- 
tice, but concluded that in vivo studies were needed. 
The present study was designed to determine a supra- 
lethal dose of VAE for dogs and to examine retrieval of 
a fatal VAE dose with commonly used single- and multi- 
orifice long-line catheters in dogs. Catheters were 
evaluated for 1) proportion of VAE retrieved, and 
2) success rate of resuscitation from VAE. 

Methods. 38 dogs were anesthetized with isoflurane 
(> 1.7%} and N40 (66€) in Os, and ventilated to maintain 
Pag. > 120 mm Hg and Paço, = 40 mm Hg. Expired CO was 
continuously monitored using a Beckman LB-2 medical gas 
analyzer. A femoral vein was cannulated for fluid admini- 
stration and for infusion of air. At the completion of 
the surgical procedures, dogs were placed in the prone 
position with the head elevated, and the concentration of 
isoflurane was decreased to 0.3% (N50 unchanged). After 
stable baseline measurements were observed, dogs were 
assigned to one of six groups for intravenous infusion 
of air. 

Determination of lethal dose. In Groups I and II no 
long-line catheter was placed. Group I was given 3 ml/kg 
air over 20 sec (n=5), and Group II was given 5 ml/kg 
air over 30 sec (n-6). Evaluation of catheters. First 
VAE. In the remaining four groups long-line catheters were 
placed and dogs were given 5 ml/kg air over 30 sec. For 
Group III (n-7) a single-orifice catheter was placed but 
was not used to retrieve air. "his group served as the 
control group for Groups IV-VI. In Groups IV-VI attempts 
to aspirate VAE were begun at the first recognizable fall 
in expired CO, following intravenous injection of air. 
The catheter used for Group IV (n=7) was a single-orifice 
Sorensen? CVP kit catheter (catheter lumen cross sectional 
area ~ 1.4 mm2). The catheter used for Group V (n=9) was 
the CVP port of an Edwards? 7 Fr PA catheter (lumen area 
— 0.2 mm^). The catheter used for Group VI (n=7) was a 
multi-orifice Bunegin-Albin air aspiration CVP set (Cook®) 
(lumen area ^ 1.8 mm).  Single-orifice catheters were 
positioned with the tip just above the junction of the SVC 
and RA, and multi-orifice catheters were positioned with 
the tip just below the junction of the SVC and RA (1). 
The catheter tip was located in the desired position 
according to the EKG trace obtained by filling the 
catheter with a bicarbonate solution and using the 
catheter tip as an exploring EKG electrode. Second VAE. 
10 min after the first VAE, a second administration 
of 5 ml/kg air was given to all dogs successfully 
resuscitated from the first VAE, As before, aspiration 


CTS ANESTH ANALG 657 
E 1986;65:51-9170 

Title: BUNEGIN-ALBIN CVP CATHETER IMPROVES RESUSCITATION FROM LETHAL VENOUS AIR EMBOLISM IN DOGS 

Authors: AA Artru, M.D., and PS Colley, M.D. 

Affiliation: Department of Anesthesiology, University of Washington School of Medicine, 


of catheters to retrieve air was begun at the first 
recognizable fall in expired CO». Proportions of air 
retrieved were compared between Groups IV - VI using 
Student's t-test for unpaired samples. Incidences of 
successful resuscitation were compared between Groups III- 
VI using the variance ratio test. A P value « 0.05 was 
considered significant. 

Results. When a venous catheter was not used for 
treatment of VAE, 4 of 5 dogs survived infusion of 3 ml/kg 
air, whereas O of 13 untreated dogs survived infusion 
of 5 ml/kg of air. First VAE. In the treated dogs, a 
significantly greater proportion of the 5 ml/kg VAE was 
retrieved with the multi-orifice catheter than with 
either of the two single-orifice catheters (Table). The 
incidence of successful resuscitation from VAE also was 
significantly higher with tbe multi-orifice catheter (6 of 
9 dogs) than with either single-orifice catheter (0 of 7 
with the Sorensen catheter, 1 of 7 with the CVP port of 
the PA catheter). Second VAE. Dogs that were successfully 
resuscitated from one episode of  VAE also could be 
resuscitated from a second episode of VAE when the multi- 
orifice catheter was used (4 of 6 dogs resuscitated, 54 + 
12% of air retrieved) but not when a Gsingle-orifice 
catheter was used (0 of 1 dog resuscitated, 2% of air 
retrieved). 

Discussion. Under the conditions of this study 
3 ml/kg was sublethal for most dogs while 5 ml/kg was 
always lethal for untreated dogs. Only treatment of VAE 
by aspiration through the multi-orifice catheter allowed 
retrieval of most of the intravenously infused air and 
successful resuscitation of most dogs. Single-orifice 
catheters were largely ineffective for either purpose. 
These results support the speculation of Bunegin et al. 
that the choice of venous catheter and position of the 
catheter may have clinical implications for aspiration 
of VAE (1). However, because retrieval of VAE varies 
according to catheter tip location and patient position 
(1), it is possible that single-orifice catheters might 
perform as well as multi-orifice catheters under condi- 
tions different from those used here. 

Reference. 
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Table. Responses to first 5 ml/kg VAE " 


Proportion of Incidence of 


air retrieved successful 
Catheter N (mean + SEM) resuscitation 
None present 6 ~~ 0% 
Present 7 — O* 
but not used 
Sorensen® CVP 7 16265 0% 
kit catheter 
CVP port of 7 4t1* 14% 
PA catheter 
Cock antecubital 9 6047%" 673* 
CVP catheter 








* Significant difference compared to aspiration of air via 
single-orifice catheters, p « 0.05. 

* Significant difference compared to other groups of dogs 
given 5 ml/kg air, p « 0.05. 
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Introduction. Thiopental induction reduces 
the arrhythmic dose of epinephrine (ADE) with 
cyclopropane and halothane, which effect persists 
for up to four hours (1,2). While ADE's and 
corresponding plasma epinephrine levels (PLE) have 
been compared with halothane and enflurane (3), 
they have not with isoflurane. Nor has the effect 
of thiopental on ADE's and PLE's with enflurane and 
isoflurane been reported. 

Methods. Healthy mongrel dogs (N=8) were 
tested on each of four occasions at least three 
days apart: 1. ENF = enflurane 2.754 end-tidal 
(ET), 2. ENF-THIO = enflurane (2.75% ET) following 
thiopental (THIO) induction (20 mg/kg), 3. ISO = 
isoflurane 1.88% ET, 4. ISO-THIO = isoflurane 
(1.88% ET) following THIO induction. These anes- 
thetic levels, equivalent to 1.25 MAC for the dog, 
were maintained for at least 30 min prior to 
testing. Dogs were mechanically ventilated with 
oxygen and anesthetic, and CO, ET kept between 35 
and 40 torr. Sodium bicarbonate was administered 
to correct base deficits > 3 meq/1. Esophageal 
temperature ranged from 36.0 to 38.5°C. Epinephrine 
(EPI) infusions between one and 10 pg/kg/min lasted 
for three minutes if there were no ventricular 
arrhythmias. The ADE (pg/kg) for ventricular 
arrhythmias (four or more extrasystoles within 15 
sec) was determined as the product of infusion rate 
and time (min) to arrhythmia. Arterial sampling 
for plasma level of EPI (ng/ml) was performed at 
one, two and three min during the 2 ug/kg/min EPI 
infusion for each anesthetic condition, and also at 
the time of appearance of arrhythmia (PLE), EPI 
infusions, beginning with l ug/kg/min, were spaced 
by 30-45 min intervals. The dose was doubled if 
arrhythmia did not occur. If arrhythmia occurred 
during the 8 ug/kg/min infusion, 6 ug/kg/min was 
also tested; if no arrhythmia occurred, then 10 
ug/kg/min (maximum level) was infused. No animal 
received more than four EPI infusions and testing 
lasted < 3 hrs. Data for ADE and corresponding 
PLE were compared with permutation and student's 
paired t-tests. 

Results. ADE's (pg/kg) and PLE's (ng/ml) for 
each test condition (Table) indicate that THIO 
reduced both the ADE and PLE with ENF (p < .05). 
With ISO, only one dog had arrhythmia, but six of 
eight did with ISO-THIO; thus, THIO facilitated 
arrhythmia with ISO (p < 0,05). However, ADE's and 
PLE's were greater with ISO-THIO than ENF-THIO (p < 
0,05). There were no statistically significant 
differences between plasma EPI levels reached at 
one, two and three min during the 2 ug/kg/min EPI 
infusions with each anesthetic condítion. 

Discussion.  Sumikawa and coworkers found an 
ADE of 21-4 mg/kg and PLE of 206418 in dogs tested 
with ENF preceded by THIO induction (3). The 
higher value obtained in their study may be due to 
epinephrine tolerance(4). They used logarithnical- 
ly spaced infusions beginning with 0.67 ug/kg/min, 
increased by e^? amounts to reach the level of 


infusion (~ 1l ng/kg/min, ~ 14 successive infu- 
sions) producing arrhythmia. Also, only 10 minutes 
lapsed between infusions in their experiments. 
Plasma EPI levels during the 2 ug/kg/uin infusion 
were similar for each test condition in this study. 
If this is true for higher infusion levels as well 
(these could not be tested with ENF-THIO because 
ventricular bigeminy or tachycardia occurred in all 
but one dog at EPI 2 ug/kg/min), then the THIO or 
ENF-THIO vs. ISO-THIO effect to facilitate EPI- 
induced ventricular arrhythmias is not due to an 
anesthetic - THIO interaction affecting plasma 
level of EPI. We can only speculate as to the 
cause for THIO potentiation of EPI-induced ventri- 
cular arrhythmias with inhalation anesthetics. It 
is known that THIO (5) and halothane (6) have 
contrasting effects on the action potential in 
ventricular muscle. As these affect action poten- 
tial duration and repolarization, we postulate an 
interaction between THIO and anesthetics to produce 
alterations in the temporal dispersion of refrac- 
toriness between specialized conducting and working 
ventricular myocardial cells that favor reentrant 
ventricular arrhythmias. 


: * 
TABLE. ADE's and PLE's with Anesthesia (X+SE) 





Nf ADE PLE 
ENF B 9,541.2 89.0+16.7 
ISO l 28,3 330 


—€—— 


* Mayo Medical Laboratories, Rochester, MN 
T N = Number of dogs with arrhythmia 
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Introduction. The neuromuscular blockade 
achieved by an initial dose of relaxant can be main- 
tained with continous infusion of the relaxant at a 
rate matched to the elimination clearance of the 
drug. The rationale for the present bolus and in- 
fusion regimen of relaxant is based on the concepts 
of Mitenko and Ogilvie:! the bolus dose is calcu- 
lated as the product of the desired plasma concen- 
tration and the distribution volume, while the 
infusion is the product of the plasma concentration 
and the elimination clearance. 


Methods. The dosage regimen for metocurine was 
calculated from the data of Matteo and colleagues 
(table 1). 


Table 1 
Desired plasma concentration 0.63 ug/ml 
Distribution volume, Vss 0.40 1/kg 

Vq area 0.51 1/kg 
Plasma clearance 1.07 ml/kg/min 


The plasma concentration associated with 95% depres- 
sion of twitch response should be obtained and main- 
tained with a bolus dose of metocurine, 0.3 mg/kg, 
and an infusion of 0.04 mg/kg/hr, respectfully. The 
nine adults who gave institutionally approved writ- 
ten informed consent were scheduled for total hip 
replacement; they had no known renal or hepatic 
disease, and were between 62 and 76 years of age. 
Anesthesia was induced with thiopental, 3-4 mg/kg 

and maintained with ethrane, 0.7-1.5%, in a 50/50 
mixture of nitrous oxide and oxygen. Ventilation 

was adjusted to maintain the end-expired carbon 
dioxide partial pressure between 30 and 40 mm. 
Following induction of anesthesia, the ulnar nerve 
was stimulated supramaximally at the wrist with & 
train-of four every 20s, and the hypothenar compound 
electromyogram (EMG) was recorded for 15-20 min. The 
bolus of metocurine was then administered and the 
infusion was commenced concomitantly. Plasma samples 
were obtained at -5, 2, 5, 10, 15, 20, 30, 45 and 60 
min, and then at half-hour intervals during the 
infusion. The sampling schedule was recommenced in 
the postinfusion period, with additional samples at 

1 1/2, 2, 4, 6, 8, and 12 hours. Urine volumes were 
collected half-hourly during the infusion and for the 
24 hr after. Plasma and urinary aliquots were stored 
at -20C for later measurement of metocurine and crea- 
tinine concentrations. Metocurine concentrations 
were determined by an HPLC technique.’ The pharmaco- 
kinetics of metocurine were obtained with the SAAM 23 
nonlinear least-squares regression program. 


Results. The metocurine infusion was continued 
for 2-3 hours. The initial peak associated with the 
bolus became less during the first hour, and a 
plateau in the plasma concentrations occurred during 
the second and third hours: at the end of the infu- 


sion the metocurine concentration was 0.65(+0.10) 
ug/ml. This was associated with 92(+8)% depression 
of the first twitch response. Spontaneous recovery 
from paralysis was minimal during the first half-hour 
after the infusion: at the end of a full hour there 
was 80(+12)% paralysis. Muscle relaxation in all 
patients was reversed easily with atropine and neos- 
tigmine at the end of the procedure. 


Table 2. The Pharmacokinetics of Metocurine. 
Mean (SD 


0.65(0.10) ug/ml 
0.35(0.06) l/kg 
0.48(0.09) 1/kg 
1.33(0.18) ml/kg/min 
240(49) min 


Plasma concentration plateau 
Distribution volume, Vss 

Vq area 
Plasma clearance 
Elimination half-life 


Discussion. Tables 1 and 2 show reasonable 
agreement, despite differences in the techniques 
used, including dose administration, metocurine con- 
centration determination and evaluation of tbe inten- 
sity of neuromuseular blockade. The pharmacokinetics 
reported for metocurine in "normal" patients in other 
studies show similar agreement, 2>» ^9? suggesting that 
the regimen should be suitable for the majority of 
patients. These studies report mean values for Vss 
between 0.35 and 0.42 1/kg and for Vg area between 
0.45 and 0.58 l/kg; the mean clearance ranges from 
1.07 to 1.85 ml/kg min, and the elimination half-life 
from 217 to 316 min. As there will always be sub- 
jects whose pharmacokinetics or pharmacodynamics 
differ from the norm, it may be neccessary to adjust 
the infusion according to the individual's responses 
to ulnar nerve stimulation. 
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introduction: Vecuronium, a new non-depolar- 
izing muscle relaxant, has a rapid Queer of action 
and minimal cardiovascular effects. These 
properties may make it a useful muscle relaxant in 
patients with open eye injuries. However, a 
recent study has suggested that intraocular 
pressure (IOP) Bay increase following vecuronium 
administration. Therefore, the purpose of this 
study was to examine the effects of vecuronium on 
IOP at short intervals after induction of anesthe- 
sia and tracheal intubation, 

Methods: This study was approved by the 
Human Investigation Committee of the hospital and 
informed consent was obtained from all patients. 
Thirty patients (22 females/8 males) ages 14-67, 
weighing 40-109 kg (ASA Class I and II), scheduled 
for elective nonocular surgery, were divided into 
groups of 10 (Table). IOP was measured with a 
Mueller's electronic tonometer using a weight of 
5.5 g, prior to and 15 seconds following induc- 
tion. Vecuronium was injected immediately after 
the measurement of IOP was made. Thereafter the 
measurements were repeated at 90 seconds following 
vecuronium and 30, 60 and 120 seconds after 
intubation. Heart rate and blood pressure were 
recorded at the same intervals. The disappearance 
of the muscle twitch was noted with a peripheral 
nerve stimulator. The quality of intubation was 
subjectively assessed by vocal cord relaxation and 
the degree of coughing, bucking, or straining (if 
present) following intubation. All the patients 
were preoxygenated prior to induction and I0P 
measurements were performed in the supine posi- 
tion. Data for IOP was analyzed using two-way 
analysis of variance for repeated measures. The 
Newman-Keuls method was adapted for determining 
significance between means within groups. A 
one-way ANOVA was used to compare ages, weights, 
baseline blood pressures and heart rate. A 
p«4.05 was considered statistically significant. 

Results: The mean ages, weights, baseline 
heart rates and arterial pressure were not signif- 
icantly different in the three groups. IOP fell 
significantly in all the groups 15 seconds follow- 
ing thiopental or etomidate (Figure). Following 
vecuronium administration in Group II, there was 
an additional significant decrease in IOP. Intra- 
ocular pressures were statistically lower at 60 
and 120 seconds in Group II as compared to Groups 
I and III, and at 30 seconds as compared to Group 
I. All groups were significantly below controls 
at 2 minutes. Intubating conditions were judged 
unsatisfactory in Group I but satisfactory in 
groups II and III. 

Discussion: Factors known to influence 
intraocular pressure such as hypoxia, hypoventila- 
tion, coughing, straining or the depth of anesthe- 
sia were minimized in the present study by ade- 
quate premedication, pre-oxygenation prior to 
induction and spraying of vocal cords with local 
anesthetic before tracheal intubation. The timing 
of IOP measurements was contrived to determine the 
changes in IOP following injection of each 


individual anesthetic agent, separately. The pro- 
nounced drop in IOP after higher induction doses of 
thiopental indicates that this may cause a 
suppressive effect of greater magnitude on ocular 
tension probably via the diencephalic center in the 
mid-brain. Increasing the dose of vecuronium from 
0.1 to 0.14 mg/kg, which is reported to minimally 
affect the cardiovascular system, yielded improved 
intubating conditions. In conclusion vecuronium (0.1 
to 0.14 mg/kg)was associated with a decrease in 
intraocular pressure. Therefore, vecuronium can be 
used safely to facilitate intubation in patients 
with open eye injury. 


Group I T=5 mg/kg, V= 0.1 mg/kg 
Group II T= 7 mg/kg, V = 0.14 mg/kg 


Group III E = 0.3 mg/kg, V = 0.14 mg/kg 
T = Thiopental, E = Etomidate, V = Vecuronium 


References: 

l. Fahey MR, Moris RB, Miller RD, et al. Clinical 
pharmacology of ORG NC 45 (Norcuron). 
Anesthesiology 1981; 55:6-11. 

2. Sia RL, Rashkovsky OM. ORG NC 45 and 
intraocular pressure during anesthesia. Acta 
Anaesthesiol Scand 1981; 25:219:21. 


Figure: Changes in IOP following induction and 
intubation. a-baseline, b-15 sec post induction, 
c-90 sec after vecuronium, d,e,f-30, 60, and 120 sec 
after intubation. 
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Introduction. The pressure loss through an 
endotracheal tube (ETT) during spontaneous breath- 
ing has been the subject of several studies (1-4). 
Calculations and measurements for various breath- 
ing systems have shown that the pressure loss 
through the ETT is much greater than the corre- 
sponding losses through elbows, valves and other 
parts of the circuit (5). These losses may not be 
significant for healthy adults under anesthesia 
(3), but for infants and small children they can 
add substantially to work of breathing, leading to 
respiratory fallure in some cases (2). 
Endotracheal tubes with pre-formed bends, such as 
RAE and CAT tubes, are now in common use in 
infants and children breathing spontaneously under 
anesthesia. Since tube curvature can increase 
frictional losses, particularly in the turbulent 
flow regime, it is worthwhile to determine the 
pressure losses through these curved ETTs at 
physiologic flow rates. This is the subject of 
the present study. 


Methods. ETT diameters from 2.5 to 7.0 mm were 
studied. For each diameter a direct comparison 
was made between a straight ETT, an oral RAE, and 
a CAT tube, Steady gas flows (using air) were 
provided by an anesthesia machine using a 
calibrated orifice meter to determine flow rate. 
Pressure loss P through the ETT was measured with 

a water manometer having a resolution of 0.1 cm 

H20 (0,08 Torr). Each set of measurements was re- 

peated using the same ETT, and then again using a 
different tube of the same specifications to check 
the manufacturer's consistency. Various empirical 
models that relate pressure loss and flow in 
tubes are used with the present data. These in- 
clude simple power-law (P = KQURH) and polynomial 
(P = KQ + KqQ2) representations. The polynomial 
is intended to separate the contributions from the 
laminar (Ky, Q) and turbulent (KpQ2 ) flow. The 
error in this model stems from the fact that the 
location of the transition between laminar and 
turbulent flow is itself a function of OQ, and 
therefore the "constants" Kj, and Kr will depend on 


Q. 


Results. As in previous work by the present 
author (to be published), measured pressure losses 
through straight ETTs are 30-502 greater than 
those predicted by simple turbulent flow theory. 
This discrepancy is explained by the fact that the 
simplified theory is valid only for tubes of 
infinite length/diameter ratio, which is not the 
case for an ETT. The magnitude of the pressure 
loss for a spontaneously breathing infant is shown 
by the following example. For a 4.0 mm straight 
ETT and a peak flow of 150 cc/sec (a realistic 
value for "quiet" breathing) the measured P is 3.7 
cm H20. This is the negative inspiratory pressure 
the infant must develop to breathe at his normal 
flow rate. For the more rapid breathing of a sick 
or stimulated infant, P will reach values greater 


than 10 cm H50 very quickly. Fitting these data 
to the empirical models mentioned above shows the 
following. The power-law model yields a value for 
the exponent m of 2.03 + 0.08 (mean + SD) for flow 
rates in the turbulent regime. This is in good 
agreement with the theoretical value of 2.0. The 
exponent n for the tube radius dependence is -3.95 
+ 0.12, (It is interesting that this exponent is 
in agreement with the "r to the fourth" law of 
Hagen-Poiseuille, which should be valid only for 
laminar flows.) The comparison of the RAE and CAT 
tubes with the straight ETTs yields very interest- 
ing results. For the smaller tube sizes (3.0 - 
4,5 mm), the RAE tube consistently yields a 35-60% 
greater pressure loss than the corresponding 
straight tube at the same flow rate. The CAT tube 
has intermediate pressure losses, ranging from 10- 
30% greater than those of the straight tube. As 
ETT diameter increases above 4.5 mm, the differ- 
ences between the three EIT types diminishes, 
until they produce virtually identical pressures 
at 6.0 mm diameter. If we use the polynomial 
model, P = K,Q + KpQ2, we find that the constant Ky, 
is nearly the same for the RAE and the straight 
ETT, whereas the values of Kp are much greater 
(35-602) for the RAE tube. This is consistent 
with the idea that the increased resistance of 
the RAE tube is a result of its sharp bend, which 
will produce increased friction and hence pressure 
loss chiefly in the turbulent regime, where P is 
proportional to Q?. 


Discussion. The ventilatory response to increased 
airway resistance during anesthesia is highly 
variable, and pressure drops as small as 6 cm HG 
have produced at least temporary ventilatory 
failure, even in adults (3). We have shown that 

the pressure loss through the pre-formed oral RAE 
tube is significantly greater than the loss 
through a straight ETT for small diameter tubes. 
The CAT tube, on the other hand, has a much 
smaller increase in pressure loss relative to a 
straight tube, apparently due to its more gentle 
curvature, Therefore, a straight ETT should be 
used whenever possible in the spontaneously 
breathing infant. If a pre-formed curved tube is 
indicated, the newer CAT design is a better choice 
than the oral RAE, owing to its lower pressure 
loss. 
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Introduction. Noninvasive monitoring of patient 
oxygenation during anesthesia is becoming standard 
practice in the operating room. Pulse oximeters 
and transcutaneous PO2 sensors provide continuous 
real-time data, and thus give early warning of 
impending hypoxia. These two noninvasive techni- 
ques measure distinctly different variables, hence 
each has its own advantages and disadvantages [1]. 
The pulse oximeter will not warn of impending 
danger until the arterial oxygen tension (Pa02) is 
low enough to cause significant desaturation. On 
the other hand, the transcutaneous PO2 (PtcO2) is 
dependent upon skin perfusion as well as Pa02 and 
thus requires more interpretation. 

The pulse oximeter determines hemoglobin satu- 
ration  (NSa02) by measuring light absorbance at 
two wavelengths and comparing the ratio of the 
absorbances to a built-in calibration function. 
Because it senses only two wavelengths of light, 
the oximeter is in theory unable to differentiate 
oxyhemoglobin from other non-reduced species, 
specifically carboxyhemoglobin. The goal of the 
present study is to determine the accuracy of the 
pulse oximeter prediction of actual oxyhemoglobin 
(Sa02) in the presence of carboxyhemoglobin levels 
ranging from those of the heavy smoker (10-202) to 
those of the burn victim (50-602). 


Methods. Five mongrel dogs were studied. Each 
dog was anesthetized with sodium pentobarbital, 
intubated, and ventilated at normocapnia. 
Monitoring included a femoral arterial line, Swan- 
Ganz pulmonary artery catheter, EKG, two Nova- 
metrics PtcO2 probes applied to shaved skin on the 
chest, and two pulse oximeter probes (Biox-III and 
Nelcor) applied to the tongue. FIO2 was varied 
from 0.12 to 1.0 at several levels of carboxyhemo- 
globin (COHb) for each dog. Each data set 
consisted of vital signs, cardiac output, PA wedge 
pressure, CVP, NSa02, PtcO2, arterial blood gases 
(Radiometer model ABL-2), and arterial values of 
Sa02 and COHb determined by an IL-282 Co-Oximeter. 
COHb was varied slowly by adding carbon monoxide 
to the circle breathing system through a precision 
flow meter. 


Results. First, the validity of using on dogs a 
pulse oximeter that was calibrated for humans must 
be verified. A plot of N8a02 versus Sa02 without 
COHb, for FIO2 from 0.10 to 1.0, yields a slope of 
0.92 and a correlation coefficient of 0.94 (stan- 
dard error of estimate = 3%). Previous studies 
have shown similar correlations. Figure 1 shows 
both Sa02 and NSa02 versus COHb level for an  FIO2 
of 1.0. The pulse oximetric N$a02 shows little 


dependence upon COHb, while the actual Sa02 falls 
linearly with rising COHb (slope = -0.99, r-value 
= -0.98). In fact the sum of Sa02 and COHb is 
very nearly equal to NSa02 for these data. The 
data at lower FIO2 show more scatter, but a simi- 
lar relationship between NSa02 and COHb. In con- 
trast to this behavior, the relationship between 
transcutaneous PO2 (Ptc02) and Pa02 was unaffected 
by the presence of carboxyhemoglobin. 


Discussion. It is clear from the data presented 

here that the pulse oximeter is unable to differen- 
tiate between oxyhemoglobin and carboxyhemoglobin. 

It senses either species as "saturated  hemoglob- 

in," since the light absorbance spectra of the two 

species are similar. The clinical implications of 

this are obvious. The burn victim with an acute 

inhalation injury may have a carboxyhemoglobin 
level of greater than 50Z. This patient's oxyhern- 
oglobin can then be no greater than 502, yet the 

pulse oximeter may still read 100% (Figure 1). 

The heavy smoker with a COHb level of 102 may have 

an NSa02 of 90Z when his actual oxyhemoglobin is 

only 802. In conclusion, the introduction of a 
non-reduced hemoglobin species other than oxyhemo- 
globin, such as COHb, can result in serious errors 

in oxygen saturation as determined by a pulse 
oximeter. The pulse oximeter should not be used to 
assess the oxygenation of patients with a suspect- 
ed history of carbon monoxide inhalation. The 
transcutaneous P0O2 continues to exhibit the same 
relationship with  Pa02 either with or without 
carboxyhemoglobin, 
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Figure 1.  Sa02 and NSa02 versus carboxyhemoglobin 
level, FIO2=1.0. 
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Introduction. Previous studies have examined 
biological and chemical threats in the 
anesthesiologist's workplace. Physical hazards to 
anesthesia providers include both the dynamic 
strains of lifting or transferring patients and the 
more static stresses of poor posture maintained 
during patient monitoring. Low back pain (LBP) and 
radiculopathy are the most prevalent noninfectious 
occupational morbidities afflicting anesthesia 
providers at our institutions. 


Methods. Abbreviated in Table 1, a back pain 
questionnaire was completed by the first 45 of 90 
full-time clinical anesthesiologists encountered in 
our institutions' operating rooms. These 36 men 
and 9 women ranged from 25 to 60 years in age and 
from junior resident to full professor in 
anesthesia experience. The same questionnaire was 
completed by 160 of  Á 600  non-anesthesiology 
clinicians contacted at our institutions. Contro] 
physicians consisted of the first 45 of the 160 
responding clinicians who matched the 45 surveyed 
anesthesiologists on the basis of age, sex, and 
academic rank. Answers to questions and cumulative 
prevalences were tallied. 


Results. Overall, 712 of the anesthesiologists 
had experienced back pain and/or radiculopathy, as 
had 42% of other physicians -- a highly significant 
difference in cumulative prevalence (see Table 2). 
Chronic LBP did not significantly differ in 
prevalence between the two groups. A statistically 
significant difference in cumulative prevalence was 
demonstrated between anesthesiologists and control 
physicians with respect to activity-limiting LBP 
(p « .001). . This difference was reflected by 
matched pair analysis yielding an odds ratio 
estimate of relative risk of activity-limiting LBP 
for anesthesiologists 4.0 times that of 
non-anesthesiologists. Number of episodes of 
activity-limiting LBP correlated very strongly with 
age (r=.57, p < .01), strongly with years of 
anesthesia experience  (r-.42, p <  .05), and 
insignificantly with academic rank. Similarly, 
radiculopathy demonstrated a significant difference 
in cumulative prevalence between anesthesiologists 
and other physicians (p « .001).  Mirroring this 
difference, the odds ratio estimated the relative 
risk of radiculopathy for anesthesiologists as 3.8 
times that of non-anesthesiologists. 


Discussion. For the anesthesiologists 
surveyed, /0% of activity-limiting LBP episodes 
were initiated or exacerbated on-the-job, yet less 
than 20% of these episodes were linked specifically 
to lifting patients. The majority of LBP episodes 
were ascribed to improper posture during monitoring 


or poor relaxation. A surprising .number of 
anesthesiologists could associate their back 
troubles with specific job-related tasks, including 
the performance of endotracheal intubation and the 
place of central venous line. Psychological stress 
and muscle tension exacerbated these postures of 
vigilance and intervention. None of the 
anesthesiologists and only one of the control 
physicians noted involvement in litigation 
concerning their back.  "Anesthesiologist's back" 
has had a major impact on our anesthesia as 
demonstrated by the full work-year of days missed 
by these 45 physicians. Only 3 of the 
anesthesiologists had received formal instruction 
on proper lifting and transferring of patients. 
Despite past nursing training on patient-lifting, 
our nurse anesthetists appear to have an even 
higher prevalence of LBP than our 
anesthesiologists. Growing evidence supports the 
theory that age-associated increases in LBP 
morbidity are exacerbated for anesthesia providers 
by their personal postures of vigilance and 
intervention and, to a lesser extent, by 
patient-lifting practices. 


Table l: Abbreviated Back Pain Questionnaire 


1) List # of bouts of activity-limiting LBP. 

2) Do you have chronic LBP? 

3) List # of bouts of pain radiating to leg(s). 
4) What activity initiated/worsened your LBP? 
5) List # of times your LBP worsened at work. 
6) How many workdays missed due to your LBP? 
7) What home activities has LBP disrupted? 

8) Mhat therapy have you received for LBP? 

9) Who taught you to lift/transfer patients? 
10) Is any litigation pending about your LBP? 


11) How do you limit your lifting or posture? 


Table 2: Cumulative Prevalence of Morbidity «sss 


Probability 
(Adjusted 
Chi-square) 


Anesthesia Other 
M.D.'s M.D. 's 
(n=45) (n=45) 


Activity- 25 (56%) 13 (29%) p .001 
limiting BP 


ronic ios 
LBP 
Radicul opathy 11 (24%) 3 (7%) p .001l 
LBP and/or 32 (712) [9 (42%) p .001 


_Radiculopathy 
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introduction. Clonidine has been shown to 
stimulate both central and peripheral alpha, and 
alpha) adrenergic receptors. Following parenteral 
administration peripheral alpha, receptor stimulation 
produces a transient vasoconstrictioni, while 
following intrathecal administration a marked 
analgetic effect has been observed.2,3 These 
pharmacodynamic properties may make clonidine a 
useful adjunct to spinal anesthesia. The present 
study was undertaken to assess the camparative 
efficacy of clonidine and epinephrine in prolonging 
tetracaine spinal anaesthesia in dogs. 

Methods. Six mongrel dogs each weighing 17kg 
were studied using a radamized blind crossover 
design. Under thiopental-N20-05-isoflurane 
anesthesia, lumbar puncture was performed at the 
Lg-L7 interspace with a 422 gauge spinal needle. 
Each animal received the following intrathecal 
solutions in lml 5D/W: 

1) Tetracaine 4mg with clonidine 150uq 

2) Tetracaine 4mq with epinephrine 200nq 

3) Tetracaine Amg 

4) Clonidine 150uq 

5) Epinephrine 200uq 

6) 5% dextrose H20 

Following intrathecal injection, N20-Isoflurane was 
discontinued and time to awakening was recorded, 
Sensory and motor function were assessed at 20 minute 
intervals for the lst hour and 15 minutes there- 
after. Duration of motor block was defined as the 
time fram intrathecal injection to the time of 
standing unsupported. Sensory block was assessed by 
applying a 10 inch rubber-shod hemostat to the 
proximal one third of the shaved tail and moving it 
continuously during a 60 second application. Any 
reproducable purposeful movement was interpreted as a 
return of sensation. The data were analyzed using a 
completely randomized ANOVA. Multiple comparisons 
were performed where the effect was significant. 

Results. The results are summarized in the 
table. The ‘time fram intrathecal injection to 
awakening was 19+2 minutes (meantSEM), and did not 
differ siqnificantly between the groups. The tetra- 
caine with clonidine and tetracaine with epinephrine 
solutions produced motor blockade of similar 
duration. Both solutions produced a siqnificantly 
longer duration of motor blockade than the plain 
tetracaine solution. No motor blockade was seen with 
the remaining solutions. Sensory blockade following 
the tetracaine with clonidine solution was 
significantly prolonged compared to the tetracaine, 
and tetracaine with epinephrine solutions. Clonidine 
solution alone produced a sensory block in all dogs, 
while only 1 dog receiving intrathecal epinephrine 
had a sensory blockade (40 mins). No neurological 
abnormalities were observed in any of the dogs. 


CLONIDINE PROLONGS TETRACAINE SPINAL ANESTHESIA IN DOGS 
R Kozody, M.D., RJ Palahniuk, M.D., MO Cumming, R.N., WR Pucci 


R3E 1X2 


Discussion, The results indicate that 


ABSTRACTS 


Department of Anesthesia, University of Manitoba, Winnipeg, Manitoba, Canada 


clonidine when used as an adjunct to tetracaine 
Spinal anaesthesia is as effective as epinephrine in 
prolonging motor block, but significantly more 


effective in prolonging sensory blockade. 


The 


mechanism of the prolonged sensory blockade is 
unknown at present but may be related to a direct 
spinal cord, regional vascular, and/or general 


systemic effect. 
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Duration of Blockade 


Motor Sensory 
Solution Blockade Blockade 
(mins. ) (mins. ) 





Tetracaine with 
Clonidine (N=6} 


Tetracaine with 

Epinephrine (N=5 ) 402+63* 207+23 

Tetracaine 186+58 156+23 
(N25) 


Clonidine 
(N-5) 


Epinephrine 
(N=6 ) 


5% Dextrose 
H20 (N=6) 


Values expressed as mean + SEM 
*P «0.05 compared to tetracaine qroup 
**p «0.01 compared to tetracaine group 


438+37** | 3234+31** 


76+17* 


+One dog had sensory blockade — see results 
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Introduction. High-frequency jet ventilation 
(HFJV) involves two sources of qas: qas injected 
under.high pressure and gas entrained by venturi ef- 
fect. The entrainment of qas when HFJV is delivered 
proximally through an endotracheal tube was studied 
with a mechanical test lunq. We determined the pro- 
portion of gas entrained in response to changes in 
drive pressure (DP), inspiratory time (TX), injec- 
tor size, injector position, positive end-expiratory 
pressure (PFEP), airway resistance (Raw), and lung 
compliance (Ci). 


Materials and Methods. HFJV was provided by a 
solenoid-valve actuated ventilator (Healthdyne) with 
room air through a small-bore steel needle inserted 
into a swivel connector (Portex), The respiratory 
rate was 100 breaths/min throughout the study, The 
entrained qas was 9.87% CO». The qases were de- 
livered via a reqular endotracheal tube to a mechani- 
cal test lung (M II Vent-aid TTL) modified to include 
‘a mixing fan. The final CO, Concentration in the 
test lunq was measured bv a capnoqraph (Godard). The 
proportion of qas entrained was determined from the 
formula: [% entrained gas] = ({final CO4l/[en- 
trained CO4]) x 100. The baseline settings were DP 
of 20 psig, Ty of 20%, PEFP of O cm B50, a 14-ga 
injector positioned at the end of the connector, Raw 
of 5.5 cm H40/L/sec, and Cy, of 100 cc/cem H40. 
Entrained qas was measured at 3 levels for each para- 
meter while other parameters were kept at baseline 
settings (Table). 


Results (Table). In the majority of the condi- 
tions studied, entrained qas represented 55% to 60% 
of the total amount of qas delivered to the test 
lung. No statistically significant differences in 
the proportion of entrained qas occurred with changes 
in Cy, or PFEP, There were statistically signifi- 
cant differences in the amount of entrained gas at 
various T;S, DPs, and injector positions, but these 
would probably not be clinically significant, Only 
injector size and Raw modified the proportion of en- 
trained qas more than 5%. Entrainment increased with 
smaller injectors and decreased with hiqher Raw. 


Discussion. The proportion of gas entrained when 
HFJV is delivered proximally via an endotracheal tube 
through a small-bore needle was found to be 55* to 
60% of the total amount of qas delivered, which is 
Similar to the 60* calculated from the data of Davey 
et al (1). Therefore, both sources of gas (jet and 
entrainment) must be considered when a problem such 
as humidification is addressed. As previously ob- 
served, the increased velocity of qas throuqh the 
outlet of smaller injectors entrains more qas (2, 3). 
However, in doqs with normal and oleic acid-induced 
adult respiratory distress syndrome, a smaller injec- 
tor resulted in inadequate qas exchange (4). The me- 
chanism of gas exchange with HFJV is still unclear. 
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TABLE. Percent entrained qas under 21 experimental 
conditions of high frequency jet ventilation deli- 
vered to a mechanical test lung 








Parameter Settings Fntrained Gas (%) 
Drive pressure 20 psig 58.97 * 0.58* 
30 psid 61.80 + 0.60* 
40 psig 64.47 + 0.65% 
Inspiratory time 20% 58.97 + O,58f 
30% 60.38 + 0.52t 
40% 59.72 + 0.90t 
Positive end- O cm H30 58.97 + 0.58 
expiratory 5 cm H30 .58.72 + 0.72 
pressure 10 cm HO 58.97 + 0.39 
15 cm H30 57.45 + 0.67 
Injector size 14 ga 58.97 + 0.58* 
16 ga 67.32 + 0.67% 
18 ga 75,00 + 0,43* 
Injector End-connector 58,97 + 0.58* 
position Mid-connector 54.03 + 0.65* 
Endotracheal tube 56.03 + 0.65% 
Airway resis- 5.5 cm HoO0/L/sec 58.97 + 0.58 
tancet 32.0 cm H50/I/sec 48.85 + 0.45 
48.0 cm H90/L/sec 41.60 + 0.85 
Lunq compliance 100 cc/cm H30 58.97 + 0.58 
50 cc/cm H30 58.30 + 0.52 

20 cc/cm H30 58.80 + 0 


Values are means + SD. 

*p < 0.05 by analysis of variance and Duncan's 
test and < 0.01 by unpaired t test compared with the 
control value. 

tp < 0.05 by analysis of variance and Duncan's 
test compared with the control value, 

+ Airway resistance was adjusted by using endo- 
tracheal tubes of smaller length and smaller internal 
diameter, 
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Introduction. Somatosensory evoked potentials Results. Using the VAS scores, all the sa- 


(SSEP) have been used to examine the integrity of 
the brachial plexus.' This study compares the ef- 
fects of saline and lidocaine infiltration of the 
ulnar nerve at the elbow, with and without epine- 
phrine,'on: a) the sensory visual analogue scale 
(VAS), and b)  SSEPs recorded at the Erb's point, 
over the spine at C7, and over the sensory cortex. 


Methods. Six healthy, unpaid, consenting vo- 
lunteers had 4 modified ulnar nerve blocks;2 5 ml 
of each of the test solution was injected at 1-2 
week intervals: a)  preservative-free physiologic 
saline solution (PPPS), b)  PPPS with 1:200,000 
epinephrine, c) 1.5% lidocaine, d) 1.5% lidocaine 
with 1:200,000 epinephrine. In this institution- 
ally approved, blinded study, the sequence of in- 
jection was randomized with a latin square de- 
sign. The presence of sensory blockade was de- 
termined by pinching the fifth finger and the 
hypothenar eminence with a surgical clamp. The 
volunteers graded their degree of numbness with a 
VAS, 0 = no numbness, 10 = complete numbness, 
After baseline VAS scores were obtained, testing 
30 minutes, then every 15 minutes until sensory 
recovery. if there was no sensory blockade at 
30 minutes, testing continued for an additional 
half hour. A VAS score of 1 or less was considered 
a “no block" while a score of 8 or more was consid- 
ered a "good block". This number was chosen be- 
cause the volunteers stated, during the recovery 
of their local anesthetic block, that surgery would 
not be permitted on their fifth finger when the VAS 
score was 7 or below. The duration of "good block" 
(VAS score of 8 or more) was considered to be an 
index of useful local anesthetic effect. Using 
standard techniques, SSEP recordings were performed 
concomitantly with each sensory testing. Stimulat- 
ing electrodes were placed over the ulnar nerve at 
the wrist and recording electrodes were placed at 
the ipsilateral Erb's point, over the spinal cord 
posteriorly at C7, and on the contralateral scalp 
over the sensory cortex. Amplitude and latencies 
of the composite responses from all 3 recording 
sites were monitored and recorded. After each 
injection, the SSEP response was considered to 
be abnormal when the following changes occurred 
for 15 minutes or more: a) decrease in amplitude 
by 50% or more,” b) increase in latency by 15% or 
more. The duration of each abnormality and altered 
sensory VAS score > 8 was noted for each injection. 
With the duration of VAS score of > 8 as the depen- 
dent variable, multiple linear regression (MLR) 
analysis was used to select which of the 6 SSEP 
criteria adequately predict the variable. 


line and saline with epinephrine injections result- 
ed in "no block", while all the lidocaine and 
lidocaine with epinephrine injections were followed 
by "good blocks". The duration of "good block" was 
76 + 22 minutes with lidocaine and 224 + 65 minutes 
with lidocaine with epinephrine. The 6 SSEP mea- 
surements (latency and amplitude at all 3 sites) 
gave on false positives, i.e. no abnormalities 
with "no block". For "good blocks", all the ampli- 
tude measurements showed changes of response (de- 
pression over 50%) with the exception of cortical 
measurements in one subject after a plain lidocaine 
injection. Similarly, there were increased laten- 
cies at Erb's point and C7 with lidocaine blocks. 
In contrast, change in cortical latency was sel- 
dom seen, Variable selection by MLR analysis of 
the SSEP measurements gave a statistical model 
that sensory block duration (VAS » 8) could be 
specified by the duration of the reduced C7 am- 
plitude (R^ = 0.93). 


Discussion. The lack of changes in the SSEP 
amplitude and latency, and in e VAS scores, 
showed that epinephrine does not have a local 
anesthetic effect on the ulnar nerve. This contra- 
dicts the reported finding of segmental hypalgesia 
from TIO to L2 for 6 hours after epidural adminis- 
tration of 50 yug epinephrine in 10 ml saline. 
The difference in results is probably due to the 
lack of influence of the descending supraspinal 
noradrenergic pathways on a peripheral nerve set- 
up. We also showed that the duration of depress- 
ion (© 50%) of the C7 amplitude of the SSEP pro- 
vides an objective index of the duration of use- 
ful sensory blockade of the ulnar nerve. 
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Introduction,  Sphenopalatine ganglion block has 
been advocated for relieving muscle spasm, neuralgia, 
vasospasm, reflex sympathetic dystrophy, and low back 
pain (1), In a double blind study, we compared the 
duration of action and the efficacy of sphenopalatine 
ganglion block with cocaine, lidocaine, or a placebo 
to relieve chronic low back pain, 

Materials and Methods. The protocol was ap- 
proved by the committee on human experimentation. 
Twenty-one patients (aged 21-70 years) with chronic 
low back pain unrelieved by most acceptable surgical 
and nonsurgical methods were selected for study. 
Either normal saline, 10% cocaine, or 4% lidocaine 
(Xylocaine) was topically applied to the sphenopala- 
tine ganglion by placing a piedget soaked with one 
of the solutions on an applicator and passing it bi- 
laterally along the inferior and middle turbinates of 
the nose until contact with the sphenoid bone, The 
pledgets were left in place for 30 min. Each pa- 
tient was treated in the morning and the afternoon on 
2 consecutive days for a total of 4 treatments, The 
degree of pain was determined by asking the patient 
to judge it on a scale of O (no pain) to 10 (the 
worst pain the patient had experienced). Pain was 
evaluated before the first treatment; 1 hr after the 
second treatment and 1 hr after the fourth (last) 
treatment; and 1 day after, 1 week after, and 1 month 
after the last treatment, For each time period, data 
were analyzed by the Kruskal-Wallis test for statis- 
tical differences between the median responses to the 
treatments and, for each drug, by the Wilcoxon signed 
rank test for any differences in pain before the 
block compared with any time after the block. 

Results. Analysis of baseline pain scores 
showed that pain did not differ between treatment 
groups, thus comparison of the groups was valid. At 
1 week, treatments differed statistically (P = 
0.0260). Cocaine and lidocaine did not differ in ef- 
fectiveness. Saline at 1 week had a higher. median 
response (gave less pain relief) than either cocaine 
(P = 0.0594) or lidocaine (P = 0.0256). No patient 
had statistically significant pain relief with sa- 
line. At 1 month, treatment groups did not differ 
statistically (P = 0.07). Only 4 out of 15 patients 
who had the sphenopalatine ganglion anesthetized with 
a local anesthetic had a decrease in pain rating of 
more than one point, not significantly different from 
the 1 out of 7 control patients. No other differ- 
ences were found between the treatments at the other 
time points. Data from before the block were com- 
pared with those afterward to determine when the 
treatment started to take effect. The actual per- 
mutation distribution of the statistic was generated 
for each time period because the sample sizes were 
small and ties were present (if pre- and post-treat- 
ment scores were the same); no statistical differ- 
ences were found at the 0.05 level, therefore, the 
exact time when pain relief began could not be deter- 
mined. 

Discussion. Sphenopalatine ganglion block was 
judged by approximately half the patients in this 


Study who received either cocaine or lidocaine to 
have decreased the intensity of pain at 1 week, 
Whether the block was performed with 10% cocaine or 
4% lidocaine made no difference in the effect of the 
pain relief. Though clinical pain relief started 
after the last block, statistical significance did 
not occur until 1 week after the last treatment. 
Long-lasting pain relief, i.e., 1 month after treat- 
ment, was poor. The mode of action of the block has 
been postulated to occur via the autonomic ganglion. 
The brief duration of relief limits the use of this 
block in chronic pain patients, Why pain relief is 
not maximal immediately after the block requires 
further investigation. 
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Table, Relief of Low Back Pain Scored on a Scale of 
Q (No Pain) to 10 (Worst Pain Experienced) After 
Sphenopalatine Ganglion Block With 10% Cocaine, 4% 
Lidocaine, or Saline 


Pain Score 





Before After Drug 

Drug Drug 1h 48h 1day 1wk 1 mo 
Cocaine (n = 7) 2 2 7 7 2 2 
5 2 2 1 1 6 

5 3 0 0 1 4 

5 5 1 3 5 5 

5 5 4 5 5 4 

7 0 3 2 2 4 

10 10 10 10 10 10 

Lidocaine (n= 7) 3 3 1 3 3 3 
4 6 5 5 S 5 

7 7 7 4 1 2 
7 9 4 8 8 ND* 

8 4 6 1 6 7 

8 8 10 10 5 5 

10 0 1 0 1 10 

10 5 3 3 2 2 

Saline (n = 7) 5 5 2 7 8 8 
6 6 3 3 6 6 

7 7 7 7 7 10 

8 7 0 3 5 5 

8 8 8 8 8 a 

9 .9 3 10 10 10 

9 9 10 10 10 10 





*Not determined because patient received an epi- 
dural steroid injection. 
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Introduction. The output of the right 
ventricle is significantly afterload dependent. 
Principal ventilatory determinants of right 
ventricular afterload (pulmonary vascular 
resistance) are airway pressure and resting lung 
volume.! Total pulmonary vascular resistance 
(PVR) is increased when lung volume is either 
decreased or increased from a normal functional 
residual capacity (FRC). Increases in 
transpulmonary pressure during mechanical 
inspiration increases lung volume and exponentially 
increases PYR. Changes in ventilatory phase or 
mode may, therefore, modulate right heart 
hemodynamics by causing alterations in 
transpülmonary pressure gradients and PYR. This 
study evaluates right ventricular pump function 
(RVEF), right ventricular end-diastolic volume 
(RVEDV), right ventricular end-systolic volume 
(RVESV) and PVR during assist control (AC), 
intermittent mandatory (IMV) and spontaneous (SV) 
modes of ventilation. 


Methods. In accordance with an approved: Human 
Investigation Committee protocol, ten (n=10) 
postoperative ventilated patients were evaluated. 
Mechanical ventilation was maintained at constant 
tidal volume (mean = 12 cc/kg), Fy0o (mean = 
.4), respiratory rate (normocapneic), and positive 
end-expiratory pressure (mean = 5 cmHo0), while 
ventilatory modes were varied between AC, IMV and 
SV. Hemodynamic measurements recorded at end- 
exhalation included: heart rate (HR), mean arterial 
blood pressure (MAP), right atrial pressure (RAP), 
right ventricular end diastolic pressure (RVEDP), 
pulmonary artery pressure (PAP), and pulmonary 
capillary wedge pressure (PCWP). RVEF, RVEDV, RVESV 
and cardiac output (CO) were calculated from 
diastolic washout plateaus obtained from a rapid 
response thermistor (50 msec) tipped Swan Ganz 
catheter, 

Analysis of data was performed using one way 
analysis of variance (Mean + SD) and coefficient of 
correlation; p « .05 considered significant. 


Results. Significant changes were observed in 
PVR during AC, IMV and SV. PVR was maximal during 
AC, intermediate during IMV, and minimal during 
SV. Changes in PYR were directly related to 
changes in RVEDV and RVESV: and inversely related 
to changes in RVEF. (Table I). 


RVEDP increased in direct relation to PAP 
between AC, IMV and SV. Left ventricular preload 
(PCWP), HR, and CO remained constant during all 
modes of ventilation. (Table II). 


Conclusions. 

1. Increase in afterload on the right ventricle 
causes a decrease in RVEF, and a concomitant 
increase in RVEDV and RVESV. 

2. The dependency of RVEF on afterload is 
demonstrated by ventilatory-induced changes in 
right ventricular hemodynamics and thermal 
ejection fraction. 

3. Right ventricular function was most impaired 
during AC ventilation and recovered with 
increasing levels of negative inspiration 
during IMY and SY. 
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Table I 


MODE RVEF RVEDV RVESY PVR CO 
(4) (cc) (cc) (dyne cm5/s) (1/m) 


AC | 2997 3124123 197370 176453 — 7.733 

IMV = 42+10* 231187  135459* 137436* 9.245 

SV 47#11* 196974* 117449* — 52439* — 9.247 
Table II 


MODE HR RAP RVEDP PAP PCWP 


(b/m) (mmHg) (mmHg) (mmHg) (mmHg) 


AC 99419 11.046 — 14.548 2748 13.546 
IMV 985915 7,543 9.197  1735* 12.545 
SV — 9548 4.543* — 6.042* 16*7* 10.544 





p «.05 as compared to AC mode 
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Introduction: High dose narcotic anesthesia 
improves hemodynamic stability during surgery and 
provides excellent postoperative analgesia. The 
associated respiratory depression necessitates the 
Use of mechanical ventilation in an intensive care 
unit (ICU) for 24-48 hours following surgery. Such 
respiratory depression can be reversed by naloxone, 
a medication which can also reverse the analgesia 
and produce hypertension, dysrhythmias, and pulmo- 
nary edema (1). Nalbuphine, a partial agonist- 
antagonist narcotic has been reported to be effec- 
tive in reversing respiratory depression following 
narcotic administration while retaining the level of 
analgesia (2,3). 

The present study was designed to examine the 
ability of nalbuphine to reverse fentanyl-induced 
respiratory depression, thus allowing earlier ter- 
mination of mechanical ventilation. 


Material and Methods: Institutional Review 
Committee approval of the protocol and informed 
patient consent were obtained. Nine males and one 
female were studied. Their ages ranged from 46 to 
76 years with a mean of 63t8 years. All underwent 
major abdominal vascular surgery. Anesthesia was 
induced with diazepam and fentanyl, the latter being 
administered to a total dose of 50-75 ug/kg. 
Maintenance of anesthesia was achieved with nitrous 
oxide in oxygen and isoflurane.  Pancuronium was the 
muscle relaxant. 

In the ICU, hemodynamic stability was determined 
in terms of cardiac index, systemic arterial 
pressures, heart rate, and pulmonary arterial and 
wedge pressures. Respiratory function was measured 
by arterial blood gas analyses, respiratory rate, 
end-tidal carbon dioxide percentage (ETco4), and the 
pressure generated in the first portion of the 
inspiratory phase (Pg.| sec). These measurements 
were made during the assist/control (AC) mode of 
mechanical ventilation, and repeated after a change 
to an intermittent mandatory mode (IMV) of 2 
breaths/minute. In the randomized control group of 
6 patients, the AC mode was reinstituted when the 
ETcg, reached 7% of the expired gas or if there were 
any figns of hemodynamic instability. In the study 
group, nalbuphine was administered intravenously 
(0.3 mg/kg--first two patients (3), 0.1 mg/kg in 
third patient, 0.025 mg/kg in fourth patient) as 
soon as the patient had stabilized on an IMV of 2 
breaths/minute. Following nalbuphine, patients were 
either placed on continuous positive airway pressure 
for at least 20 minutes prior to tracheal extubation 
or were returned to the AC mode until the following 
day. Statistics were by Student's "t" test for 
paired and unpaired values as appropriate with 
P«0.05 considered significant. 


Results; All patients had sufficient respiratory 
depression on arrival in the ICU to prevent tracheal 
extubation on the day of surgery. The control group 
underwent extubation on the day after surgery. 


Before the administration of nalbuphine, the 
measurements of cardiac and pulmonary function did 
not differ statistically between the control and 
study groups. After administration of nalbuphine 
there was reversal of respiratory depression (Table) 
but all patients became agitated, experienced pain 
within minutes of receiving the medication, and all 
required further doses of a narcotic. The first and 
second patients experienced nausea and the second 
vomited. The third patient became severely confused 
and required postoperative psychiatric support. The 
third and fourth patients underwent tracheal extuba- 
tion on the night following surgery while the first 
two were kept sedated and mechanical ventilation 
continued because of the occurrence of dysrhythmias. 
One control patient had a documented subendocardial 
infarction in the postoperative period. 


Discussion: The results of this study show that 
nalbuphine Is effective in reversing the respiratory 
depression induced by a large dose of fentanyl. 
However, the effects on other systems are not accep- 
table, particularly in a group of patients who may 
already be at risk for myocardial ischemia. Despite 
the slow administration of nalbuphine in recommended 
small doses (3), the production of pain and the 
occurrence of hypertension, tachycardia, and dysrhy- 
thmias were very reminiscent of similar effects seen 
following the administration of naloxone (1). 
Because our experience is different from that 
already reported in the medical literature regarding 
nalbuphine, we feel that, for reversal of narcotic- 
induced respiratory depression, particularly in 
patients at risk for myocardial ischemia, this agent 
cannot be freely recommended. Before this applica- 
tion of nalbuphine can be supported, further studies 
are needed to define dosage, rate of infusion, 
patient population, and relationship to reversal of 
different narcotics. 


Nalbuphine Group 


Before After 

Table (mean + S.D. P 
Respiratory 

Rate (per min) 10 +1 23 +2 «0.001 
Heart Rate 

(per min) 70:10 °  84+2 «0.05 
Systolic Blood 

Pressure (mmHg) 139 + 29 177 t 24 «0.001 


Diastolic Blood 


Pressure (mmHg) | 81 + 15 94 + lá — «0.001 _ 
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Introduction. Normal epicardial coronary 
arteries are thought to have little underlying 
vascular tone, while in coronary artery disease 
vascular tone is thought to be elevated and to 
contribute to the degree of narrowing of atheroma- 
tous lesions./ Although isoflurane has little 
effect upon normal epicardial coronary arteries in 
the dog,^ its effects in the presence of increased 
vascular tone are unknown. This study was designed 
to determine whether or not isoflurane could pre- 
vent spastic contraction of large coronary vascular 
smooth muscle. 


Methods. Four millimeter long rings of cir- 
cumflex and left anterior descending coronary 
arteries were removed from dogs anesthetized with 
sodium pentobarbital. They were placed in an organ 
chamber filled with modified Krebs-Ringer bicar- 
bonate solution at 37°C, connected to a strain 
gauge for measurement of isometric force, main- 
tained at their optimal length-tension rela- 
tionship, and aerated with a 95% 02-5% C02 gas 
mixture. 2 Isoflurane from an anesthetic vaporizer 
was added to the gas mixture and its concentration 
was measured with a Beckman LB2 analyzer. 
Concentrations in the bath itself were measured by 
gas chromatograph. Vascular ring tension was 
measured in the resting state and following 
increasing concentrations of KCl, phenylephrine, 
and prostaglandin Fa (PGF2a) both in the presence 
and absence of 2.3% isoflurane. Potassium, phenyl- 
ephrine and PGF2e9 were introduced into the bath 
with a micropipette. Data was represented as per- 
cent of maximum response to 40 mEq KCl. Paired t- 
test (p < 0.05 being significant) was used to 
analyze the data. 


Results. Isoflurane 2.3% (1.5 MAC in the dog) 
had neither an effect on basal coronary artery ten- 
sion nor upon vasoconstriction produced by 
potassium ions. Isoflurane reduced the 
vasoconstrictor response induced by phenylephrine 
and by PGFoo. In Figures 1 and 2, tension 
generated by the coronary segment was plotted 
against bath phenylephrine and PGFoa concentration 
during control conditions and in the presence of 
. isoflurane. Isoflurane significantly reduced the 

tension generated by increasing concentrations of 
phenylephrine and PGFoa (p < 0.05 to p < 0.005). 


Discussion. Isoflurane attenuated large coro- 
nary smooth muscle spastic contraction induced by 
phenylephrine and PGFoo in the dog. This effect 
has clinical implications. In man the balance bet- 
ween endogenous coronary dilator and constrictor 
influences is probably disturbed in coronary artery 
disease and an abnormal, constrictor response may 
predominate in atheromatous regions of coronary 
arteries.4+ The severity of coronary obstructions 
depends not only upon size of the atheromatous 
lesion but also upon underlying coronary tone. If 
isoflurane attenuates the response to vasoconstric- 
tor stimuli in man, it may improve blood flow 
through coronary stenoses in both classical and 


Pringnetal's angina. It remains to be determined 
whether or not isoflurane also attenuates the vaso- 
constrictor effect of other mediators such as 
thromboxane A2 and seratonin released during plate- 
let aggregation. 
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Figs. 1 and 2. Tension developed by coronary 
rings obtained from six dogs (mean * SEM) following 
exposure to phenylephrine (Fig. 1) and PGF2« (Fig. 
2) during control conditions and following 
isoflurane administration (2.3%, 1.5 MAC). * P < 
0.05 to P < 0.005, 
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Introduction. In adults, the syndrome of Post 
lumbar puncture headache (PLPHA) is a well-known, 
common and frequentiy vexing problem. In contrast, 
there is a paucity of literature discussing PLPHA in 
children. Several pediatricians have reported that 
few, if any, children experience PLPHA (1,2). 
However, these claims were apparently made after 
retrospective chart review or on the basis of a 
"clinical impression." Therefore, pediatric oncology 
patients who required lumbar puncture were 
prospectively studied to determine the incidence of 
PLPHA in a pediatric population. 


Methods. Subjects were 26 children, aged 3-17, 
who were referred to the Pediatric Oncology 
Department. They required lumbar puncture for 
initial diagnosis, follow-up of treatment, or for 
intrathecal instillation of chemotherapeutic agents. 
22 of the children were diagnosed as having acute 
lymphoblastic leukemia; the others had acute 
myelocytic leukemia or non-Hodgkins lymphoma. 

Lumbar puncture was usually followed by bone 
marrow biopsy; both procedures were performed under 
general anesthesia (3). All lumbar punctures were 
accomplished with a 20 gauge needle, with removal of 
1-2 cc's of cerebrospinal fluid. 

Anesthesia was induced with intravenous 
methohexital 3 mg/kg, and was maintained with mask 
inhalation of nitrous oxide 70% in oxygen with 
enflurane 1-3%. In all cases, anesthesia was 
required for less than 10 minutes. 

The nature of the investigation was explained to 
the children's parents, who all agreed to participate. 
They were asked to fill out a questionnaire daily for 
5 days, commencing on the day of the lumbar puncture. 
The form contained questions regarding the presence 
of a headache, whether it was postural in nature, and 
whether there was associated nausea, vomiting, 
sleepiness or neck pain. A stamped, addressed 
envelope was provided so that the form could be 
returned by mail. A reminder was subsequently 
mailed to the parents to ensure that all forms were 
returned. 

The data were evaluated by chi square analysis. 


Results. Parents of 22 of the 26 children 
returned the questionnaires. Since many of the 
children were studied on more than one occasion, 
questionnaires regarding 36 lumbar punctures were 
evaluated. 

The data are presented in Table 1. Postural 
headaches occurred significantly more often in 
children over the age of 13 than in tbose who were 
12 or less. These headaches usually lasted less 
than 48 hours. However, one 14 year old boy had a 
postural headache that lasted 72 hours, while a 17 
year old girl had a severe postural headache that 
lasted 5 days. She was the only patient who 
experienced any neck pain following lumbar puncture. 


Discussion. These data indicate that PLPHA does 
occur in children aged 13 and over, an age that 
coincides with the beginning of adolescence. It 
appears to be rare in younger children: only one 
mild PLPHA was observed among the 17 children who 
were under the age of 13. 

Others (4) have speculated that the lower 
intracranial pressure of children (5) protects tham 
from prolonged CSF leakage through the dural 
puncture site and hence, from PLPHA. It would be of 
interest to determine whether CSF pressure measured 
at the time of the lumbar puncture predicts 
subsequent PLPHA. Measuring CSF pressure in this 
investigation would not have been meaningful because 
of the confounding influence of auesthetic drugs, 
coughing and breath holding during the procedure, 
possible presence of CNS leukemia, etc. 

It is possible that the response of pediatric 
oncology patients to lumbar puncture reflects the 
uniqueness of their disease and its treatment. Thus, 
conclusions drawn from these data need confirmation 
by studies in other pediatric populations. However, 
studying pediatric oncology patients has at least 
two advantages 1) the diagnoses are relatively 
uniform and 2) most of these patients are 
ambulatory. 

In summary, the data obtained in this study 
suggest that PLPHA can occur in the pediatric age 
group. Because the risk of this complication rises 
sharply with adolescence, pediatricians should 
especially consider using small spinal needles in 
children over the age of 12. 





TABLE 1 
ages 3-12 ages 13-17 
average age of child studied 7.6 15.2 
total # of lumbar punctures 27 9 
# of PLPHA's 1 7 
# without PLPHA's | 26 2 
x^ = 17.3, P« 0.001 
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Introduction.  Verapamil (V) is a lipo- 
philic calcium, blocker which accumulates in 
the myocardium’. The possibility that chro- 
nic administration of V may produce relati- 
vely high myocardial concentrations must be 
considered when evaluating its pharmacologic 
effects. We therefore investigated the ef- 
fects of chronic administration of V on car- 
diac electrophysiology in the rabbit. 


Methods. 
treated for 30 days with V (1 mg/kg IP bid). 
Another group of 7 rabbits were injected 
with saline (S). After 30 days blood sam- 
ples were taken and the animals were sacri- 
ficed and their hearts immediately placed in 
oxygenated Krebs solution. The SA node was 
removed from V- and S-treated rabbits and 
mounted in pair in a tissue bath, superfused 
with a 97% 0,- 3% CO, mixture and maintained 
at 37°C (pH 7.4). Membrane potentials (MP) 
were simultaneously recorded from both 
nodes. The effects of epinephrine (EPI 0.1- 
20 ug/ml) and acetylcholine (ACh 0.18-18.0 
ug/ml) were studied . Similarly papillary 
muscles were taken from the right ventricles 
and paced at 30,60,75 & 100 BPM, In addi- 
tion, the effect of EPI (0.05-0.2 ug/ml) was 
also examined. The plasma and myocardium 
were analyzed for V and norverapamil (NV). 
HR and contractile force (CF) responses were 
compared using the paired t-test. 


Results. V-treated SA nodes showed a 
lower spontaneous rate of discharge (Fig. 1) 
as compared to the control (183 vs 202 BPM). 
V-treatment significantly attenuated the 
chronotropic effects of EPI, while the ef- 
fects of ACh were enhanced (p«.05). Peak CF 
was lower at all HR in V-treated papillary 
muscles (Fig. 2), although the positive 
staircase affect is still present. Response 
to EPI is also depressed (Fig. 3). MP’s and 
APD,, were not significantly different, while 
dV /dT of the phase 0 was depressed from 67 
to 55 V/s. Plasma samples obtained 14 hours 
after the last dose of V contained no detec- 
table amounts of V and NV. The myocardial 
tissue contained 6.9+1.2 ng V/gm and no NY. 


Discussion. The results show that 
chronic treatment of rabbits with V alters 
their inotropic and chronotropic responses 
to adrenergic as well as cholinergic stimu- 
Fio The data suggest that following the 
chronic treatment, NV does not contribute to 
the observed effects. It is not clear if 
these effects are due to a chronic exposure 
to V or due to the small amounts of V pre- 
sent in the tissue, If the latter is the 
cause, Clearly the threshold concentrations 
producing these effects are very low (in the 
range of 3.0 to 10.8 ng/gm), and that the 
plasma concentrations are not indicative of 
the tissue levels of V. 


7 New Zealand rabbits were. 
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Introduction. Atracurium (ATR) and 
vecuronium (VEC) are two shorter-acting, non-depo- 
larizing muscle relaxants recently introduced into 
clinical practice. The potential therapeutic 


advantages offered by these new drugs in patients 


with poor cardiovascular function are the follow- 
ing: 1) the absence of cumulative effects from 
repeated doses because of rapid elimination 
pharmacokinetics, and 2) reported to have mínimal 
cardiovascular side-effects. Since many of these 
patients may be receiving digitalis therapy at the 
time of surgery, a significant effect of these new 
drugs on digitalis-induced arrhythmias would be of 
great interest to anesthesiologists. The purpose 
of this study was to examine the effects of ATR 
and VEC on a model of digitalis-induced 
arrhythmias in dogs. 


Methods. Thirty dogs were anesthetized with 
pentobarbital, 35 mg/kg, intubated, and mechan- 
ically ventilated with 100% 0,. Ventilation was 
adjusted so that PaCO, was 35 t 2 mmHg. Catheters 
were placed in the femoral artery and vein to 
record blood pressure, for drug infusions, and to 
obtain blood samples for arterial blood gas and 
electrolyte analysis. A standard ECG lead II and 
blood pressure were monitored continuously on an 
oscillographic recorder. After a 45 minute 
stabilization period, the animals received a 
constant I.V. infusion of ouabain, 35 meg/kg, 
using an IMED infusion pump. The dogs were then 
divided into two groups; one group received ATR, 
1.0 mg/kg and the other group received VEC, 0.2 
mg/kg. The first bolus injection was given three 
minutes after the start of significant ventricular 
ectopy. After 10 minutes, a second injection of 
the drug was given and the ouabain infusion was 
discontinued. If normal sinus rhythm (NSR) did 
not return after 10 minutes, a KCI infusion was 
administered until NSR was observed or a stable 
rhythm was established. The KCl was discontinued 
and a third dose of either VEC or ATR was adminis- 
tered. 


Results, The mean dose of ouabain required to 
produce ventricular ectopy was 66.6 * 2.9 (mean t 


SE) meg/kg. There was no change in the rate of 


ventricular ectopy or in the morphology of the 
premature ventricular contractions as a result of 
the injection of either ATR or VEC. If NSR was 
present at the time of injection or after KCl 
infusion, this rhythm was not altered by either 
drug. The ovabain infusion increased systolic blood 
pressure from approximately 150 mmHg to 200 mmHg; 
blood pressure transiently (less than 5 min) 
decreased by 33 + 7 mmHg after the first injection 
of ATR and by 24 t 4 mmHg after the second ATR 
injection. In the second group, the decrease in 
systolic blood pressure was less than 20 mmHg after 
VEC. 


Discussion. The results of this study indicate 
that ATR or VEC may be administered to a fully 
digitalized heart without causing adverse effects on 
rhythm or disturbances in conduction. In addition, 
neither drug, when given a second time, increased 
ouabain toxicity or prevented KCl conversion to NSR. 
In contrast, pancuronium and succinylcholine have 
been shown to increase, arrhythmias in patients 
receiving digitalis. ' 


In conclusion, these observations suggest that 
therapeutic doses of either ATR or VEC may be 
administered to patients receiving digitalis without 
significant increases in arrthymogenicity. 
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Introduction, | Nifedipine (N), is a calcium channel measures with Bonferroni t-tests. P<0.05 was 


blocker that has peripheral as well as coronary 
vasodilating effects. Interactions with N and 
volatile anesthetics remain in the field of 
investigation. In halothane (1%) anesthetized dogs 
a single intravenous dose of N resulted in a 
decrease in mean arterial pressure (MAP) with a 
significant tachycardia. Isoflurane (F), a 
volatile anesthetic with peripheral? and coronary 
vasodilator effects in dogs causes an increase in 
heart rate (HR). This study was designed to 
investigate the plasma level related interactions 
of N on coronary hemodynamics during F anesthesia 
in the dog to determine if the reduction in MAP and 
increase in HR associated with N adversely affect 
global myocardial oxygenation. 

Methods. Seventeen dogs weighing 23 + 1 kg (mean + 
SEM) with chronic tracheostomies were anesthetized 
with F in 40% O, in air. Mechanical ventilation 
controlled PaCO, at 35.0 + 09 mmHg (arterial pH 


7.37 + .01) Maintenance of anesthesia was by F 


1.78 + 0.03% end tidal (mass spectrometry); vol% in 
blood 1.21 + 0.4%. Electrocardiogram lead II at 
fast paper speed for measurement of PR interval, 
femoral arterial pressure for MAP and diastolic 
arterial pressure (DAP); left ventricular LV dP/dt 
(Millar catheter); and right atrial (RA), pulmonary 
artery mean (PAM) and capillary wedge pressures 
(PCWP), from a PA catheter were continuously 
recorded. Cardiac outputs (CO) were determined by 
the Fick method, and cardiac index (CI) stroke 
volume (SV) pulmonary vascular resistance (PVR), 
and systemic vascular resistance (SVR) were 
calculated. A Webster thermodilution coronary sinus 
catheter was introduced aided by fluoroscopy. Total 
coronary sinus blood flow (CSBF) was measured by 
thermodilution in duplicate, and coronary vascular 
resistance (CVR) was calculated. Arterial (art), 
mixed venous and coronary sinus (CS) blood samples 
were obtained simultaneously for blood gases 
and oxygen content. Art and CS samples were also 
drawn for lactate (L) plasma levels of epinephrine 
(E) and norepinephrine (NE) N plasma levels were 
drawn and assayed by high performance liquid 
chromatography. Myocardial oxygen consumption 
(MVO,) and myocardial lactate extraction ratio 
(MLER) were computed. Following hemodynamic 
Stabilization for 1 hour on F and measurement of 
control values, the animals were divided into three 
groups. Group I (n=6) served as a control group and 
received F for 30 min. The subsequent groups were 
randomized where group II (n=5) received a loading 
dose of N, 10 ug/kg/2 min, followed by N 2.5 pg/kg 
min, for 30 min. Group III (n=6) received a loading 
dose of N 20 jyg/kg/2 min, followed by N 5.0 
pe/ke/min for 30 min. Measurements were made in 
group I at 30 min and in groups II and HI at 2, 20 
and 30 min during the infusion All experimental 
procedures involving N were carried out under gold 
fluorescent light because of the susceptibility of 
this compound to photodegradation. All data were 
evaluated by analysis of variance for repeated 


considered statistically signficant. 

Results. There were no changes in any variable in 
group I. Values at 20 and 30 minutes were 
equivalent for groups II and HII WN levels achieved 
in’ group II were 26 + 5 ngml! and in group III 
57 + 9 ngmll Coronary hemodynamics; myocardial 
metabolic variables; art NE; and systemic 
hemodynamics are listed in Tables I and II for 
control and 30 minute values. There were no 
significant changes in RA, PAM, CI, SV, PVR, PR 
interval or E in the three groups at any time. PCWP 
rose after the N loading dose in group H and 
returned to control values at 20 min post infusion 
(data not shown). In group II CSBF, MAP and DAP 
were decreased at 30 min with no change in HR, CVR, 
SVR, or LV dP/dt. However, in group III, the 
decreases in MAP and DAP was associated with a 
decrease in CVR and SVR without a change in LV 
dP/dt. Increased HR and art NE were observed in 
this group. 

Discussion. Compared to the stable F control dogs, 
significant systemic and coronary vasodilating 
effects of N during isoflurane anesthesia were 
present at the higher level of N (group II) When 
the blood pressure was reduced by 20%, a 
compensatory tachycardia occurred that was not 
associated with an increase in CI, in contrast to 
the findings of  Tosone, et al. Despite hypotensive 
effects in group II and III and tachycardia in 
group III, these levels of N were tolerated in 
this model with presumed normal coronary anatomy 
since no changes in global myocardial oxygenation 
were seen. Use of higher levels of N or F in 
combination, or the presence of ischemic heart 
disease may result in different effects on 
myocardial oxygen balance or on the distribution 
of CSBF. 
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Tablet. CSRF CYR MVO, MLER NE (art) 
Control n (mi elg t) — (mmHgmimin?) — (ml min? (*) (pg mt?) 
Grovp 1 & 195 $14 0.51 2 023 $902.08 26 +1 215 + 63 
Group 11 $ 1814 36 0432010 43415 2335 102 +8 
Group H1 6 16) 4 18 0.50 + 0.07 31.5 + 1.4 2943 143+ 15 
Group I 6 100 + 14 0.82 + 0.14 8.14 0.9 42492 146 + 40 
Group Il 5 125 4 23° 0.39 + 0.07 6441.2 23 «3 130 + 27 
Group Il 6 241 434 0.22 + 0.04* 194418 1842 270 + 57° 
nae AA SA ME ORDER Ha 
Tabie : HR MAP DAP SVR 4P/dt 
Control (bpm) (mmHg) (mmHg) (dycess e^t) immHg:r!) 
Group ! : 13445 HDs 6 8927 2185 2 32) 2538 + 195 
Group 1] é 130 + 3 9144 74 €» 5 1343 4 224 2400 + 346 
Group It 13) 43 5745 8125 1766 $ 26) 2383 + 172 
Group 1 : 13546 9644 3024 2238 + 398 2366 2 183 
Group 11 6 13243 70 4 3* 5223* 1063 + 171 2180 + 300 
Group 111 14) + 6* 77 + 2* $7 + 1* 1028 + 120* 2400 + 276 


* «p< (05 compared to control. 
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Introduction. Vecuronium bromide has a short 
duration of action and little cumulative effect when 
given by repeated boluses. Vecuronium administered 
by continuous infusion for long surgical procedures 
would thus be a useful technique. In this study, we 
define the continuous infusion dose requirements for 
vecuronium during N,O/enflurane, N,O/isoflurane, and 
N.O/fentanyl anesthesia, and alo determine the 
plasma concentration of vecuronium necessary for 90% 
depression of control muscle twitch height (Cp, 90). 


Methods. Seventeen ASA Class I and II patients 
undergoing elective surgery were studied after giv- 
ing written, informed consent, as approved by the 
our Committee on Human Research. - Patients were 
premedicated with diazepam 10 mg p.o. and anesthesia 
was induced with thiopental 4-8 mg/kg iv. Patients 
were then randomly assigned to receive N,O/enflurane 
(Group I, n=6), N,O0/isoflurane (Group II; n=6), or a 
N,0/fentanyl infusion technique (1) (Group III, 
nz5). A control muscle twitoh response was obtained 
from the thumb via a Grass FT-10 force-displacement 
transducer, during supramaximal 0.15 ms square-wave 
ulnar nerve stimulation at 0.15 Hz, delivered via. 
subcutaneous steel-needle electrodes placed at the 
wrist. After 10 min of stable recording, vecu- 
ronium, 0.1 mg/kg iv, was given and endotracheal 
intubation performed. >- Following intubation, 
anesthesia was maintained with nitrous oxide, 60% in 
oxygen, and depending on the group, enflurane (1.3% 
end-tidal), isoflurane (1.1% end-tidal), or a fen- 
tanyl infusion (0.09 mog/kg/min). When the muscle 
twitch response recovered to 10% of control, a vecu- 
ronium infusion (200 meg/ml in normal saline), 
delivered by a Harvard infusion pump, was begun at 
1.0 mog/kg/min, and adjusted to achieve a 90% 
depression of twitch height. After reaching a 
stable infusion rate that maintained 90% twitch 
depression for one h, blood samples were drawn for 
determination of Cp. 90. The infusion was then dis- 
continued and the neuromuscular block allowed to 
regress spontaneously. Data obtained included the 
final infusion rate, the time to establish the final 
infusion rate, and the length of infusion. Cp, 90 

: ., 88 
values for vecuronium were determined by capill&ry 
column gas chromatography using a method developed 
in this laboratory. Data were compared between 
groups by analysis of variance and Student-Newman- 
Keuls test (P«0.05). 


Results. Table I shows Cp 90 values and final 
infusion rates for the three groups. Final infusion 
rates were established between 7 and 129 min after 
beginning the infusion; duration of infusions ranged 
from 73 to 340 min. Neuromuscular block began to 
spontaneously recover in all patients immediately 
after terminating the vecuronium infusion. The 
final infusion rates and Cp 90 values in Group IIT 
were Significantly greater ffian those in Groups I 
and II. Groups I and II did not differ from each 
other. 


Discussion. Previous investigators have demon- 
strated that vecuronium infusion rates necessary to 
maintain 90% depression of control muscle twitch 
during N.O/fentanyl anesthesia vary widely from 0.18 
to 2.2 móg/kg/min (2,3). Similar variability was 
noted in this study. The coefficients of variation 
(SD/mean x 100%) for final infusion rates in Groups 
I, II, and III were 41%, 38%, and 48%, respectively. 
However, when the SD's are examined in an absolute 
sense, the N.O0/fentanyl group (SD=0.50) showed more 
variability fhan Group I (Sp=0.14) and Group II 
(SD<0.10). The final infusion rate in the 
N.O/fentanyl group was 3 times greater than that for 
either the enflurane or the isoflurane groups. This 
is in contrast to dose-response studies performed by 
bolus injection, which demonstrated that 
N.O0/fentanyl anesthesia required approximately 1.4 
times as much vecuronium to achieve the same degree 
of neuromuscular blockade, when compared to enflu- 
rane or isoflurane techniques (4). Cp _90 values 
suggest that these differences in dose requirements 
between groups oan be explained by pharmacodynamic 
differences, rather than pharmacokinetic ones. In 
summary, we have shown that enflurane and isoflurane 
markedly reduce the amount of vecuronium needed to 
maintain stable neuromuscular blockade. Because 
dose requirements are variable, close attention to 
neuromuscular monitoring is an important part of 
continuous infusions of vecuronium. 
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Table I. (mean + SD) 


Group Final Infusion Cp 90 
Rate (and Range) ES 
(mog/kg/min) (ng/ml) 

I Enflurane 0.34 + 0.14 89.5 + 18.4 
(n=6) (0.10 - 0.50) 

II Isoflurane 0.26 + 0.10 50.4 + 26.4 
(nz6) (0.10 = 0.40) 

III Fentanyl 1.04 + 0.50% 156.7 + 35.7* 
(n=5) (0.50 - 1.75) 


* = significant difference from I and II 
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Introduction. We measured the pharmacokinetics 
of inhaled anesthetics after a 30 min anesthetic 
administration and compared the results with those 
previously determined for a two hour administration. 
The comparison defined the effects of the duration 
of anesthetic administration on the 1) rate of the 
alveolar washout ; 2) time constants for 
washin/washout of tissue; 3) number of compartments 
identified; 4) relative metabolism of the anesthet- 
ies; and 5) distribution of the anesthetics to the 
tissues. 


Methods. After obtaining approval by the Com- 
mittee on Human Research and informed consent, we 
established anesthesia with nitrous oxide in 7 
healthy patients ventilated to maintain normocapnia. 
À mixture of isoflurane, enflurane, halothane, and 
methoxyflurane, each at 0.3 MAC, was administered 
for thirty minutes. Ventilation (VE) and end-tidal, 
mixed-expired (ME), and inspired (FI) anesthetic 
concentrations were measured during administration 
and for 3 to 7 days thereafter. We fit 4 and 5 com- 
partment models to the decay of the alveolar washout 
of each anesthetic. Uptake and elimination per 
minute were calculated as VE(FI-ME) and total uptake 
and total elimination were calculated. Total elimi- 
nation was divided by total uptake to equal the per- 
cent recovered. Because isoflurane is minimally 
metabolized, we normalized the percent recovered to 
isoflurane: deficits in normalized recovery were 
assumed to result from metabolism. To assess the 
distribution of anesthetic to each compartment of 
the five compartment models, elimination from a 
given compartment was estimated as the ratio of the 
coefficent/exponent divided by the sum of the ratios 
for all five compartments. 


Results. The FA/FAO ratios declined more 
rapidly (FAÓ is the alveolar concentration just 
prior to beginning washout) after the shorter 
anesthesia, and the halothane ratio fell below the 
isoflurane ratio 85 min into the washout period 
(compared to 203 min after the 2 hour administra- 
tion) (Figure 1). In 25 of 28 comparisons a five 
compartment model provided a significantly better 
fit than a four eompartment model. We recovered 
101.8 + 1.1% of the isoflurane taken up.  Percen- 
tages of metabolism for enflurane, halothane, and 
methoxyflurane were 10.8 + 1.2%, 41.4 + 1.4%, and 
79.6 + 1.5%, respectively. 


Diseussion. More rapidly equilibrating tissues 
acquired a greater percent of the anesthetic taken 
up during the shorter administration (Table 1b) and, 
largely as a result of this, the alveolar washout 
was more rapid (Figure 1). However, the relative 
positions of the washout curves, the time constants 
(Table 1a), and the number of compartments defined 
were comparable for the two anesthetio durations. 
The relative rates of metabolism were consistent 
with those determined in the two hour administra- 
tion. The totals for both studies suggest that a 
greater percentage of anesthetic is eliminated by 


metabolism than previously thought. 

The halothane washout curve crossed the isoflu- 
rane curve in both studies, indicating that elimina- 
tion of halothane is more rapid, despite a greater 
solubility in blood. We attribute this increased 
elimination to metabolism of halothane. Although 
the halothane and isoflurane curves cross signifi- 
cantly earlier after the shorter administration 
(p<0.02), the halothane concentrations at the time 
of crossover are equivalent (0.0046 and 0.004742). 
This finding supports our suggestion that metabolism 
plays a greater role in the total elimination of 
halothane as the partial pressure approaches the K 
(the partial pressure at which metabolism occurs a 
half the maximum rate). Because the washout occurs 
more rapidly after a brief anesthesia, the effect of 
metabolism is seen earlier in the washout period, 
suggesting that metabolism plays a greater role in 
recovery from shorter durations of halothane 
anesthesia. 


Table 1. Comparison of 30-min and 2-hr Anesthetic Administration : 


a) Isoflurane Time Constants (min) 


Compartment 
1 2 3 4 5 
30-min 0.3 + .02 6.1 * 0.4 $6.2 + 2.8 405 + 36 2307 + 398 
2-hr 0.2 * .03 6.7 * 1.3 77.0 + 8.4 $00 + 163 3465 + 176 


b} Isoflurane Recovery Assigned to Each Compartment (%) 
Compartment 
1 2 3 4 5 
30-min 1.2 * 0.1 14.4 * 1.2 27.2 * 3.3 30.1 + 2.7 27.0 * 5.5 


2-hr 0.3+0.1 5.7 41,2 26,6*1.0 33.7 +2.5 — 33.6 + 3.2 
1.0 
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Introduction. Routine administration of 
protamine following cardiopulmonary bypass is often 
associated with significant decreases in cardiac output 
and arterial blood pressure. However, a recent 
report has shown no hemodynamie changes following 
administration of protamine. This study was 
undertaken to compare hemodynamic changes in dogs 
with good ventricular function following administration 
of protamine via three different sites: left atrium 
(group A), right atrium (group B), and peripheral 
vein (group C). 


Methods. Thirty dogs were studied and divided 
into three groups. Group A had protamine 
administered via a left atrial (LA) line; group B had 
the protamine administered via central vein; group C 
was given via a peripheral vein after previous 
administration of 4 mg/kg of heparin. The rate of 
administration of protamine was 1 mg/kg/min in all 
three groups and the amount given was 4 mg/kg. 


Results. Protamine administration through the 
central venous pressure (CVP) line resulted in 
significant hemodynamie changes. Mean arterial 
pressure decreased from 72 + 7 to 60 + 4.5 mm Hg (p 
< .625) after the protamine and to 58 + 5 five minutes 
later (p « .025). Mean arteria] pressures were 
statistically unchanged after administration of 
protamine through the peripheral vein and left 
atrium. „Cardiac index (CI) increased from 2.8 + .25 
L/min/m'" soon after the protamine to 3.7 + .3 (p < 
.005) then decreased to 2.7 * .3 ten minutes later. 
No significant changes in CI occurred after 
administration of protamine to the peripheral line or 
LA line. Systemic vascular resistance (SVR) 
decreased significantly only after administration of 
protamine via the CVP and was statistically unchanged 
when administered via the peripheral and LA Line. 
Pulmonary vascular resistance was significantly 
increased only in group B. Histamine levels 
increased significantly only following administration of 
protamine through the central line. No significant 
changes occurred after the administration through the 
peripheral veins and left atrium. No statistically 
significant changes occurred in activated clotting time 
(ACT) between the three groups studied. 


Conclusion. Significant hemodynamic changes 
occurred after protamine administration via the CVP. 
This is most probably due to massive histamine 
release due to C3a, C5a anaphylactoxin generation, 
When protamine was administered via the LA and 
peripheral veins, the cardiovascular changes were 
minimal because it bypassed the lungs therefore 
causing minimal histamine release. The ability of 
protamine to reverse heparin was the same 
independent of the site of administration. 
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Table: Cardiovascular changes following protamine 
administration. 


Protamine Infusion 
Before After 10 min later 





ACT A 480 + 10.5 120 +7 125 + 7.5 
B 490 + 11.0 115 +7.5 110 + 7.0 
C 495 + 15.0 104 + 8,5 108 + 7,5 
Histamine** A 1:5 * .8 2.75 + 1 3.1 Ł 1.2 
B 1.85 + .75 8.5 + .95 8.6 + 1.2 
C 1.90 + .85 2.90 + 1.2 2.85 + 1.05 
HRG A 95 + 7 92 + 8 96 + 7.5 
B 90 t 6.5 92 + 5 93 + 6 
C 92 t 6 94 t 4.5 91 + 5 
BP# A 70 + 7 68 t6 Tl 575.5 
B 72+ 7 60 + 4,5* 58 + 5* 
C 75 + 8.5 7047 69.5 + 7.2 
PAP# A 18 £ 1,5 17.5 £ 2 18.5 + 1,5 
B 16.5 + 1 10.5 + .5 10.75 + .40 
C 17.7.5 +1 17.5 £ 1.5 13 = 1.20 
RAP# A 74 5 6 + .4 5 + .6 
B 8 + .5 3 4 1 4+ ,15 
C 1.5 t .5 7 t .6 7.5 t .5 
CI+ A 2T .2 2.8 t .25 2.75 + .3 
B 2,8 + .25 3,70 t.3 2.70 + .3 
C 2,175 £t..9 2.8 + .85 2.9 + .4 
SVRT A 25,5 t2 22.14 t 1.9 24 t 2.2 
B 26 + 2.5 15.40 + 1 20 + 1.25 
C 24,6 £ 2.4 22.5 + 2.5 21.37 + 2.15 
PVRT A 5.7 t.5 4,70 t .5 5.2 t ,45 
B 5.9 + .6 10,05 + .1 8.07 + .30 
C 6+ .55 5,60 5.3 5.40 + .4 


** ng/ml, @ beats/min, # mm Hg, + L/min/m?, fu" 
m, Group A - LA, Group B - CVP, Group C - 
peripheral, 
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introduction. Spinal or epidural administration of mor- 
phine has a delayed life-threatening respiratory depression 
as a serious side effect. We hypothetized that opioid- 
induced analgesia and respiratory depression are mediated 
through different subtypes of opioid receptors and therefore 
opioid agonists selective for certain subtypes of the recep- 
tors may provide spinal analgesia without risk of respiratory 
depression. The purpose of this study was to find out 
whether selective kappa opioid agonist, U-50,488H (1) ean 
provide spinal analgesia with somatie mechanical stimula- 
tion without the potential risk for respiratory depression. 


Methods. Sixty-two male Sprague-Dawley rats (300- 
350g) with chronically implanted lumbar or cerebroventric- 
ular catheters were used for the study. As a nociceptive 
test, we used motor response to the inereasing pressure on 
the tail (2) provided with an Analygesy-meter (Ugobasile). 
Pressure was inereased at the constant rate of 80 g/sec until 
the animal made an attempt to eseape. The reaction 
threshold to the pressure was measured every 15 minutes 
before administration of an agent, and four to six times 
after it. Respiratory depression was determined with two 
methods: by measuring PaCO» in samples of blood obtained 
from a chronically implanted arterial catheter, and by 
measuring the respiratory rate through registration of chest 
movements. The following series of experiments were 
performed: analgesia series with spinal administration of 
agents and two respiratory depression series with intracere- 
broventricular injections. In each series of experiments, 
there were subseries of experiments with U-50,488H and 
with a reference agent - morphine sulfate. In the analgesia 
series U-50,488H was used in doses of 10, 20, and 50 ug and 
morphine in doses of 1, 2, and 5 yg. In the respiratory 
depression series, U-50,488H was used in doses of 50, 100, 
and 300 ug and morphine in doses of 1, 5, and 10 ug. Each 
animal was given only one dose of an agent. 


Results. U-50,488H caused a dose-dependent increase 
in reaction threshold for noxious mechanical stimulation 
(Table). Its potency was approximately 1/13 of morphine. 
Respiratory depression was observed with all studied doses 
of morphine and it was not present in the rats treated with 
equipotent doses of U-50,488H (Figure). 





Diseussion. Absence of respiratory depression with U- 
50,488H agrees with the viewpoint that opioid-induced res- 
piratory depression is mediated by mu-2 and/or delta recep- 
tors (3). Because U-50,488H is a very selective kappa opioid 
agonist (1), it probably does not interaet with any subtypes 
of opioid receptors that mediate respiratory depression. It 
was shown (4) that U-50,488H demonstrates an antinocicep- 
tive effect against visceral chemical stimulation but not 
cutaneous thermal stimulation. Our data suggest that U- 
50,488H has an antinociceptive effect against mechanical 
somatie stimulation. 


In rats, selective kappa opioid agonist, U-50,488H pro- 
vides epidural analgesia and has no potential for respiratory 
depression. These data warrant clinical study to prove that 
kappa opioids may be used for spinal and epidural analgesia 
without risk of respiratory depression. 


Table. Effeet of intrathecal U-50,488H and morphine 
on motor reactions threshold to mechanical noxious 
stimulation. 


Dose Threshold 
(ug) N A 96, Mean SEM 
U-50,488H 
10 4 43 5 
20 4 60 10 
50 4 92 6 
Morphine 
1 4 45 3 
2 4 76 23 
5 4 96 4 


Morphine 10 43, I.c.v. 





U-50,488 300 ug, l.c.v. 
0 15 30 45 60 
TIME (min) 


10 


Figure. Effect of intracerebroventricular U-50,488H 
and morphine on PaCO». 
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Introduction. During recovery from aorto- 
coronary bypass surgery patients progress through 
various stages of ventilatory support from con- 
trolled mandatory ventilation (CMV), intermittent 
mandatory ventilation (IMV), and continuous posi- 
tive pressure ventilation (CPAP) to extubation. 

The objective of this study was to compare various 
noninvasive methods of monitoring respiratory func- 
tion with routine intermittent arterial blood gas 
(ABG) analysis. Transcutaneous oxygen and carbon 
dioxide tensions (Ptc0., PtcCO4) and end-tidal car- 
bon dioxide (PetCO4) were compared to arterial 
oxygen and carbon Atoxtde tension (Pady, PaCO^). 
Pulse oximeter arterial oxygen saturation (pSa0,) 
was compared to arterial oxygen saturation 

(Sa0,). The study was designed to determine whe- 
ther these methods could replace ABG analysis in 
the face of changing intrapulmonary shunt, dead 
space ventilation, temperature, and skin and finger 
perfusion during different phases of ventilatory 
support. 

Methods. After institutional approval and 
informed consent was obtained, twelve adult 
patients recovering from elective aortocoronary 
bypass surgery were studied. All patients had 
received a similar narcotic/relaxant/oxygen anes- 
thetic technique. All patients were ventilated 
with CMV on a Bourne's Bear 1 volume ventilator, 
and then weaned through IMV and CPAP to extubation 
by standard clinical criteria. Noninvasive moni- 
tors were placed immediately after admission to the 
intensive care unit (ICU). After calibration a 
common sensor heated to 44°C for the Novametrix 818 
Transcutaneous 05/C0» monitor was placed on the 
anterior chest wall. The sensor was recalibrated 
and its position was changed every 3-6 hours. 

PtcO, and PtcCO, data were included for analysis 
only after a 30 minute warm-up tíme following each 
sensor relocation. The pSa0, was monitored with 
the Nellcor N-100 pulse oximeter. A side port 
sensor for the Puritan-Bennett Co, monitor was 
inserted at the Y of the ventilator circuit for 
monitoring of PetCO,. Analog signals were contin- 
uously recorded from these four monitors on a 4 
channel stripchart recorder (HP 7754A). Heart rate 
and rhythm was monitored with a standard lead II 
electrocardiogram. Temperatures were measured with 
probes on a finger, on the anterior chest wall, and 
in the rectum (YSI Tele-thermometer).  Exhaled 
gases were collected in a 60 L Douglas bag over a 
three-minute period using a Puritan-Bennett gas 
collection manifold. Mean arterial pressures and 
blood samples were obtained from a radial artery 
catheter.  Exhaled air was analysed for mixed 
expired C0» (PCO); arterial blood samples for 
Sa03, PaO, and PaCO, (Il 282 co-oximeter, Corning 
168 blood gas machine). Dead space to tidal volume 
ratio (Vp/V.) was derived by the Bohr equation 
(PaCO,-P&zCO,/PaCO,). Data were collected every hour 
from the time of patient arrival to the ICU until 
two hours post-extubation in each patient. 

Results. A total of 254 data sets were recorded 
in 12 patients (age 46-70). The range of measured 


Sa0, was small (85-1002). The p9a04 was signifi- 
cantly different from SaO, (t-8.8, p < 0001) but 
this difference was small (1.24.4, meantSE). How- 
ever, there were 5 "desaturation" episodes lasting 
1-3 minutes where pSa0, was <90% (8143%, meaniSE) 
and Sa0, was >90% (9641%, meantSE). In each event 
patient agitation and vigorous movement of the 
extremity with the sensor occurred. Finger tem- 
perature (21.5-37.7°C) did not affect the accuracy 
of pSa059. However, on 10 occasions in 2 patients 
at 24.3-26.2?C, no signal could initially be 
detected. There was no relationship between the 
accuracy of PtcO,, PtcCO, and skin temperature 
(27.9-38.2?C). Vp/ Ye varied during the study per~ 
iod and decreased significantly during CPAP (CMV 
-44Ł.02, IMV .39+.02, CPAP .32+.03, extubated 
-40+.04, meantSE). Increasing values of V/V. 
correlated with larger PaCO,-PetCO, differences 
(yz33.8x-13.5, r=.67, n-221, p«.0001). Table 1 sum- 
marizes linear regression analysis (rscorrelation 
coefficient, n-sample size) for all data from 
PtcO,, PtcCO, and PetCO,. P < 0.05 for all cor- 
relation coefficients. 


Table 1 
Total CMV IMV CPAP Extubated 
Pte0, rt .62 .62 76 50 +60 
vs PaO» n 204 118 38 21 27 
PtcCO, r .67 . 70 +66 255 70 
v8 PaCo, n 205 119 38 21 27 
PetCO., r a42 .80 046 a51 «70 
vs PaCO, n 245 148 41 26 30 





In order to determine treuding capability, pairs of 
data that met one of the following criteria were 
subjected to regression analysis (Table 2): >10% 
change in PaO», PaCO, vs. PtcO5, PtcCO,; or >5 mmHg 
change in PaCO, vs. PetCO,. Data include the inci- 
dence of trending in opposite directions to APa0, 
Or APaCO, (false positive) as well as the incidence 
of indicating no change when PaQ, or PaCO, had 
actually changed (false négative). 





Table 2 
False False 
x n Positive Negative 
APtcO, vs, 5Pa0» .65 121 27% 0% 
APtcCÓ, vs &PaCO, .70 89 18Z 6% 
APetCO^ vs APaCO^ 77 84 14% 4% 





Discussion. We conclude that all four noninva~ 
sive monitors could augment clinical observations 
and provide more objective indications for ABG 
analysis. The trending capability of the non- 
invasive monitors was good but in three (PtcO», 
PtcCO,, PetCO,) there was an unacceptable incidence 
of false positive and false negative information. 
At this time therefore, none are accurate enough to 
obviate completely the need for intermittent ABG 
analysis after elective aortocoronary bypass 
surgery. 
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Introduction. There is controversy regarding 
the influence of epidural analgesia on the second 
stage of labor. Phillips and Thomas reported no 
increase in duration of the second stage, and a 
decrease in the incidence of instrumental 
delivery, in primigravid patients whose epidural 
anesthetic was "topped up" with bupivacaine during 
the second stage, as compared with patients given 
no additional "top-ups." The purpose of this 
investigation was not only to assess the efficacy 
of continuous infusion epidural lidocaine during 
the first stage of labor, but also to evaluate its 
analgesic efficacy and potential influence during 
the second stage of labor. 


Methods. The protocol was approved by the 
local institutional review board for human 
research. Written informed consent was obtained 
from 33 uncomplicated primigravid patients with a 
term singleton fetus of vertex presentation. An 
epidural catheter was placed via the L2-3 or L3-4 
interspace when the cervix was > 4 cm and < 7 cm 
dilated. Each patient received 3 ml of 1.5% 
lidocaine with 1:200,000 epinephrine, followed by 
4-6 ml of 1.02 lidocaine. Each patient then 
received a continuous infusion of 0.75% lidocaine, 
via a Harvard pump, at an initial rate of 12-14 
ml/hr; the rate was adjusted upward or downward to 
maintain a cephalad dermatomal level of TIO. 
Motor block was assessed according to the method 
of Bromage^ (none, partial, almost complete, 
complete). When the cervix was > 8-9 cm dilated, 
a 60 ml syringe of unidentified study solution was 
substituted for the syringe containing 0.75% 
lidocaine. The infusion was then continued, with 
no change in rate, until after delivery. Each 
syringe of study solution was prepared by the 
hospital pharmacy according to previous 
randomization, and was administered in a double~ 
blind manner. The study solution for Group L 
patients was 0.75% lidocaine; Group S patients 
received normal saline. Each patient was 
encouraged to assume the 45° upright position and 
was allowed to push when cervical dilatation was 
complete. Each patient was asked to assess the 
quality of her analgesia (excellent, good, fair, 
poor, very poor) during the first and second 
stages of labor. The method of delivery was 
chosen according to obstetric indications only; 
elective forceps deliveries were not performed. 
Pudendal block and/or perineal infiltration with 
1.04 lidocaine were performed as indicated. 
Neonatal assessment was by Apgar scores and cord 
blood gases. Statistical analysis was by Wilcoxon 
analysis and Fisher's exact test as indicated. 
P < ,05 was considered statistically significant. 


Results. Six patients underwent cesarean 
delivery prior to start of the study solution and 
were excluded. Among the remaining 27 patients, 
there were 14 patients in Group L and 13 patients 
in Group S. The two groups were similar with 
regard to age, race, socioeconomic status, weight, 
gestational age, and cervical dilatation at the 


start of epidural analgesia (Group L = 5.2 + 1.1 
cm, Group 8 = 5.3 + 1.4 cm.). Motor block in all 
patients was either none or partial. The table 
includes results regarding length of labor, method 
of delivery, and newborn status. 





Group L Group $ P 
N= 14 N= 13 Value 

Duration of first 
stage, in minutes 
(> 4 to 10 cm) 411 + 264 400 + 297 NS 
Duration of second 
stage, in minutes 58 + 73 65 + 45 NS 
Method of Delivery 

Spontaneous 13 8 NS 

Low Forceps 0 3 

Mid Forceps 1 1 

Cesarean 0 1 


Infant Weight" 3220 + 586 3188 + 497 NS 


1 minute Apgar 27 14(100%) 8( 622%) .02 
5 minute Apgar > 7 14(100Z) 12(92%) NS 
Umbilical 
vein pH 7.31 + .05 7.29 + .09 NS 
Umbilical 
artery pH 7.24 + .06 7.23 + .08 NS 


Hean + S.D. 


One of 14 (7%) patients in Group L, versus 5 of 13 
(39%) patients in Group S, had operative delivery 
(P = .08). Eleven of 14 (79%) patients in Group 
L, and 12 of 13 (92%) patients in Group S, rated 
their first stage analgesia as excellent or good 
(P = NS). Twelve of 14 (86%) patients in Group L 
rated their second stage analgesia as excellent, 
good, or fair, versus 8 of 13 (62%) patients in 
Group S (P = NS). 


Discussion. Continuous infusion epidural 
lidocaine provided clinically acceptable analgesia 
during the first stage of labor. Continuation of 
the epidural lidocaine infusion during the second 
stage was not associated with a prolongation of 
the second stage or an increase in the incidence 
of operative deliveries, although Group L patients 
had only a modest improvement in second stage 
analgesia. The higher frequency of low one minute 
Apgar scores in Group S is not entirely explicable 
and warrants further investigation. 
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Introduction. Recently the incidence 
of respiratory depression following oral 
administration of sustained release mor- 
phine (MST) has been the subject of much 
discussion (1,2,3). In light of the rela- 
tionship between cisternal cerebellomedul- 
lary CSF morphine concentrations and res- 
piratory depression (4), the aim of the 
present investigation was to examine cis- 
ternal cerebellomedullary CSF concentra- 
tions of morphine in dogs after oral admi- 
nistration of MST and after a bolus intra- 
muscular injection of morphine-HCl. 

Methods. Ten dogs, weighing 25 - 32 kg, 
had catheters (d=1,3mm) inserted into the 
cerebellomedullary cistern and sewed to. 
the skin under pentobarbital anaesthesia. 
After regenerating they received randomly 
either 30 mg (n8), 60 mg (n=6) or 90 mg 
(n7) MST per os or 20 mg morphine-HCl 
i.m. (n=7). Cisternal cerebellomedullary 
CSF samples were taken at varying inter- 
vals to determine morphine immunoreac- 
tivity by radioimmunoassay (Diagnostic 
Products Corporation, Los Angeles). 

Results. Dose dependent plateau 
concentrations of 6 ng/ml (30 mg MST), 14 
ng/ml (60 mg MST) and 40 ng/ml (90 mg MST) 
were reached after 4, 2.5 and,4.5 hours 
and remained at a leve] of 6 ~ 1.8 ng/ml, 
13 - 1.7 ng/ml and 12 = 3 ng/ml, 12 hours 
after oral administration f MST and at a 
leyel of 1 = 0.4 ng/ml, 5 - 1.6 ng/ml and 
9 ~ 1.6 ng/ml after 24 hours, respectively 
(fig. 1). In contrast, one hour after 
intramuscular administration of 20 mg 
morphine-HCl a peak morphine concentration 
of 102 - 12 ng/ml was reached, which 
subsequently declined,to 3 - 0.4 ng/ml 
after 12 hours and 1 - 0.3 ng/ml after 24 
hours. 

Discussion. Our results indicate that 
even when 90 mg MST are administered 
orally, morphine concentrations near the 
respiratory centre do not even reach half 
the level found after i.m. administration 
of 20 mg morphine-HCl. Because of the long 
lasting plateaus of morphine concentra- 
tions in the cerebellomedullary cistern 
under oral MST, administration at short 
intervals will, however, result in an 
accumulation of morphine near the respira- 


.tory centre, thus increasing the risk of 


respiratory depression. A decline in exci- 
tatory input at the respiratory centre, 
e.g. by supplementary administration of 
centrally depressing drugs (3), by chordo- 
tomy (1) or by decreasing postoperative 
pain (3) reqires then special attention. 
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fig. 1 


Cisterna! cerebellomedullary CSF morphine 
concentrations after oral administration of 
30, 60 and 90 mg sustained-release-morphine 





ng/ml (MST) 
. A *p <0.02 — «0.001 
40 
os 
30 Da 
20 
10 V 


12 24 36 48 
Hours 


$32 ANESTH ANALG 


1986;65:S1-S170 


ABSTRACTS 


TITLE: TERMINATION OF ATRIAL FLUTTER IN POSTOPERATIVE 

CARDIAC SURGICAL PATIENTS BY TRANSESOPHAGEAL PACING 
AUTHORS: DC Chung, M.D. and CR Kerr, M.D. 
AFFILIATION: Division of Cardiology, University of British Columbia, Vancouver, Canada and 


Department of Anaesthesia, University of Western Ontario, London, Canada 


INTRODUCTION 


Transesophageal atrial pacing has been used to 
terminate atrial flutter induced by electrical 
stimulation during electrophysiologic studies.’ This 
report summarizes our experience of applying this 
technique to terminate atrial flutter developed 
spontaneously in patients following cardiac surgery. 


Methods 


induction and termination of supraventricular 
tachyarrhythmias by transesophageal atrial pacing is a 
recognized technique in the cardiac electrophysiology 
unit of our institution. This procedure was carried out 
in five consecutive cardiac surgical patients referred 
to us with the diagnosis of atrial flutter. All patients 
gave informed consent and the procedure was 
performed at the bedside in an acute or subacute care 
area. The esophageal lead used for recording and 
pacing ‘had a bipolar electrode with an interpolar 
distance of 2.9 cm (Medtronic 6992), and the pacing 
unit was a variable-rate constant-pulse generator with 
pulse strength adjustable between O & 37.5 mA and 
pulse duration between O & 9.9 ms. With the patient 
lying supine and monitored by sphygmomanometry, 
surface ECG, and transesophageal electrogram, the 
esophageal electrode was introduced via the nose to 
near the site of minimum stimulation threshold: either 
to the site where the amplitude of the atrial 
component of the esophageal electrogram was 
maximum or to a depth equal to the distance between 
the patient’s earlobe and the distal end of the 
sternum. The pulse duration of the generator was set 
at 9.9 ms, the pulse amplitude at 15 - 20 mA. Pacing 
commenced at a pacing cycle length that was 20 ms 
shorter than the patient's atrial cycle length, and a ` 
burst lasting 5 - 10 seconds was delivered. If this 
proved unsuccessful the pacing cycle length was 
decreased by 20 ms increments and the burst was 
repeated until atrial flutter was terminated. The 
procedure was considered unsuccessful if the 
termination of atrial flutter was not observed when 
the pacing cycle length has reached 80 - 100 ms. 


Results 


All patients were male between the age of 48 
and 69 years old: four had coronary artery bypass 
graft and one had aortic valve replacement. Four 
patients developed atrial flutter within the first 
postoperative week and one patient, in the third 
postoperative week. All had received therapeutic 


doses of one or more of the following drugs in the 
last 24 hours for attempted pharmacologic cardio- 
version or control of ventricular rate: digoxin, 
quinidine, and propranolol. Their atrial cycle length 
during atrial flutter varied between 200 & 220 ms. 
Bursts of transesophageal atrial pacing were 
successful in terminating atrial flutter in ail five 
patients: immediate conversion to sinus rhythm in 
three, to atrial fibrillation for two minutes followed by 
sinus rhythm in the fourth, and to atrial fibrillation in 
the fifth. The last patient stayed in atrial fibrillation 
for one hour and then reverted to atrial flutter 
followed by sinus rhythm shortly after receiving 
quinidine intravenously. The pacing cycle length 
resulting in the termination of atrial flutter varied 
between 140 & 160 ms. All patients felt a fluttering 
or burning sensation in the precordium during pacing 
and none had described the procedure as unpleasant. 
No post-conversion ventricular arrhythmias were 
Observed. Of the two patients who went into atrial 
fibrillation, the ventricular rate when in atrial 
fibrillation was slower than that when in atrial flutter 
(75 & 101 bpm versus 110 & 136 bpm). 


Discussion 


We have demonstrated that transesophageal atrial 
pacing is successful in terminating spontaneous atrial 
flutter in postoperative cardiac surgical patients, 
Conversion to sinus rhythm immediately or following 
a short period of atrial fibrillation after the last pacing 
impulse is usual. Occassionally a more prolonged 
period of atrial fibrillation is induced, but the fall in 
ventricular rate during atrial fibrillation is accompanied 
by improvements in circulatory dynamics. This 
technique is safer and more convenient than other 
electrical means of terminating atrial flutter. Unlike DC 
countershock it does not require the administration of 
a general anesthetic and does not seem to cause 
post-conversion ventricular arrhythmias, even in 


digitalized patients. Unlike transvenous atrial pacing, it . 


is not invasive and does not require fluoroscopic 
equipment. The transesophageal lead may be left in 
place safely and the procedure repeated when 
necessary. 
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Introduction: Bis-trimethaphan nitroprusside 
(INP) is a new 1:2 molar selt of the nitroprusside 
(NP) and the trimethaphan (TM) ions. We compared 
its hemodynamic (including intracranial pressure 
measurements) effects and dose-response curves with 
those of sodium  nitroprusside (SNP) alone, 
trimethaphan camsylate (TMC) alone, and a 1 + 10 
weight to weight mixture of both drugs. We also 
determined whether significant dose reductions of 
SNP and TMC reported yigh the use of the 1 + 10 
mixture of both drugs °” were due to synergism or 
additivity. 

Methods: Studies were conducted in anesthetized 
cats in a randomized, comparative multi-crossover 
design. INP was prepared by a new method (patent 
for TNP is pending) and TMC and SNP solutions 
including 1 + 10 mixture were prepared from 
commercially available preparations. All test 
compounds were freshly prepared as 0.09% solutions 
(9 mg/100 m1) in normal saline. The solutions were 
randomly infused into five male cats, (weight 
3.6 + 0.15 kg) that were ventilating spontaneously 
through tracheotomies under nembutal (45 mg/kg, 
I.P.) anesthesia. Each cat received 5 or 6 
Separate infusions. Adequate time was allowed 
between drug infusions for return of mean arterial 
pressure (MAP) to baseline values (30 min for TNP 
and SNP, 60 min for SNP and TMC mixture, and 90 min 
for TMC). The dosage was increased every five min 
in this order 1, 2, 4, 10 and 40 mg/kg min until 
each level of hypotension had stabilized, and the 
lowest level of hypotension was held constant for 
15 min. The infusion was then abruptly stopped to 
provoke rebound. Recovery times were recorded. 
Ihe following hemodynamic variables were obtained: 
arterial blood pressure (Miller  catheter-tip 
pressure transducer in the aorta via a femoral 
artery), heart rate  (cardiotachometer), and 
intracranial pressure (ICP; Statham ‘pressure 
transducer P 23BB), from the left lateral 
ventricle. 

Results: These are summarized as follows: 

l. Plots of log dose-response curves show that (a) 
TNP (contains only 22.6% NP ion) is as potent ds 
SNP in reducing MAP by 20 mm Hg and is increasingly 
more potent than SNP at deeper levels of 
hypotension; (b) the dose of the 1 + 10 mixture 
required to decrease MAP by 35 mm Hg is three times 
that of SNP and about one-chird that of TMC; 

2. On a molar basis (log scale), TNP is 3.5- to 
l2-fold more potent than SNP and is much more 
potent than TMC; 

3. After abrupt discontinuation, the effects of SNP 
and INP rapidly subside with half-lives of about 5 
min, whereas the effect of TMC slowly subsides with 
a half-life of 21 min. Rebound hypertension 
occurred only with SNP; 

4, When MAP is decreased by less than 25 mm Hg, ICP 
does not change with any of the agents. With 
greater reductions in MAP, SNP and TMC increase 


ICP. TNP increases ICP only when MAP decreases by 
60 mm Hg; ; 
5.  Additivity and synergism (determined by 
isoboles) studies show that the 1 + 10 mixture is 
additive at reductions.of MAP by 20 mm Hg and 
synergistic (maximum 200%) when MAP is reduced by 
35 mm Hg. The synergism then decreases with 
increasing hypotension. TNP exhibits a steadily 
increasing synergism which begins when MAP 
decreases by 20 mm Hg and increases to about 
20-fold at maximum reductions of MAP (80 mm Hg). 

Discussion: Vasodilation elicits reflex 
activation of the sympathoadrenal system. In INP, 
the TM ion, by virtue of its ganglionic blocking 
effect, inhibits reversibly autonomic (reflex) 
ganglionic transmission. In vitro studies, show 
that ganglionic blockade by TMC occurs at very low 
concentrations. In humans, TMC, unlike SNP,. does 
not increase renin and angiotension II levels , and 
causes small elevations in plasma catecholamines. 
Thus the efficacy of TNP is the sum of the 
ganglionic blocking action of TMC and direct 
vasodilation of the NP ion. This short-lived 
ganglionic blockade by the TM ion is the 
pharmacological prerequisite for achieving the full 
pharmacological potential of the NP ion which would 
otherwise be increasingly antagonized by the rising 
levels of vasopressor hormones. Thus TNP may be 
characterized as a more potent nitroprusside rather 
than a simple combination of the two hypotensive 
drugs. This theory may also explain the 
comparatively small synergistic effect seen with 
the l + 10 mixture of SNP and TMC which rapidly 
decreases with increasing hypotension, whereas the 
synergism in TNP steadily increases with increasing 
hypotension. Currently, studies with TNP are being 
conducted in humans. 
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Introduction Mixed venous oxygen saturation 
(Sv09) is an accepted indicator of cardiac output 
(CO) and tissue perfusion (1). A decrease in SvO5 
implies a decrease in oxygen delivery or an 
increase in oxygen consumption. The Fick formula 
describes the relationship between CO, oxygen 
consumption, and arteriovenous oxygen content 
difference, and shows that CO, SvO9, and Sa09 are 
closely related. The $vO»2 is directly proportional 
to CO when 8a05, hemoglobin, and oxygen consumption 
remain constant. When arterial oxygenation (PaQ9) 
is compromised because of V/Q mismatch, as occurs 
during one lung anesthesia (OLA) for thoracic 
surgery, the existing balance between CO, SvO5, and 
Pa09 may be disturbed. This will result in a 
decrease in oxygen delivery to the periphery and 
tissue hypoxia. The purpose of this study was to 
determine whether the continuous monitoring of Sv09 
provides adequate indication of changes in PaO% and 
CO during OLA. 


Methods Twenty-six adults, ASA Physical Status 
I or II, scheduled for pulmonary resection in the 
lateral position, gave their informed consent to 
participate in this institutionally approved study. 
Monitoring was established with a radial arterial 
catheter, and an Oximetrix Opticath® PA Catheter 
(Oximetrix, Mountain View, CA), which has the 
capacity for continuously monitoring Sv09. 
Anesthesia was induced with thiamylal sodium 3.5 
mg/kg IV. Endobronchial intubation with a 
Robertshaw double lumen tube was facilitated by 
succinylcholine 1 mg/kg. Anesthesia and relaxation 
were maintained with N90/09 (50/502), isoflurane 
1,0~1.5% (inspired concentration) and pancuronium. 
Patients were ventilated with a tidal volume of 
10 ml/kg and at a rate to maintain PaCO2 within the 
normal range. SvO9 was monitored continuously. 
Hemodynamic measurements and arterial blood gas 
determinations were obtained 15 minutes following 
any change in ventilatory mode (two lungs, one 
lung, PEEP, CPAP) and once stabilization had 
occurred,  Pa05 was determined from blood gas 
analysis and compared with SvO$ measurements 
obtained via the PA catheter, Temperature and 
hemoglobin were kept within the normal range. A 
reduction in PaO» compared to the preceding sample, 
accompanied by a reduction in SvQy was defined as a 
true positive (TP). A simultaneous increase in 
both was termed a true negative (TN). A decrease 
in PaQy followed by an increase in 8v09 was termed 
a false negative (FN), while an increase in PaO» 
associated with a decrease in SvO4 was a false 
positive (FP). Specificity (TN/TN+FP), sensitivity 
(TP/TP+EN) and predictability (TP/TP+FP) of SvO9 


used to detect a reduction in Pa0» were determined. 
Similar measures of the relationship between Sv09 
and CO were also determined. 


Results Pa09, SvO$ and CO were measured 
simultaneously in 125 situations. Of these, 83 
showed changes in SvO9 greater than 5$, and 42 a 
greater than 10% change, as compared with the 
preceding value. The specificities, sensitivities, 
and predictabilities of using changes in SvO% to 
detect changes in PaO% and CO are shown in the 
Table. 


Discussion The Fick formula shows that Sv02 is 
related to $805 and hence PaO), provided CO and 
oxygen consumption remain constant. At Pa0g's 
greater than 100 mmHg, SaO% is always 100%, 
therefore changes in PaO 9 will not be reflected by 
changes in SvO9. During OLA with FIO» 0.5, PaOg is 
usually less than 100 mmHg. The resulting decrease 
in S$a05 will be reflected in SvO9. We have shown 
that SvO is a sensitive monitor of decreases in 
PaO during OLA. A 10% decrease in SvO» was 
sensitive to 89% of decreases in Pa05, while a 5% 
decrease in SvOo had a sensitivity of 75%. Changes 
in SvOo were poor predictors of changes in CO. 

This is because SvO5 and CO have opposite trends 
when Pa05 is compromised. A decrease in Pa02 is 
offset by an increase in CO in an attempt to 
maintain oxygen delivery. Decreases in SvO4 are 
therefore rather insensitive (382) to decreases in 
CO during OLA. Monitoring of SvO$ during OLA is no 
substitute for periodic blood gas sampling. 
However, a 10% decrease in 8vO05 should alert the 
anesthesiologist to a potential decrease in PaO») or 
to inadequacy of some other component of the oxygen 
delivery system. 
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Detection of Changes in: 


PaQo CO 


Changes in SvO9 Overall 252 >10% | Overall 
Observations 125 83 42 | 125 
Specificity (X) B1 85 96 | 58 
Sensitivity (X) 84 75 89 | 38 


Predictability(%) 75 80 94 | 47 
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Introduction. Studies examining early extuba- 
tion after coronary artery bypass have been hampered 
by a lack of control over anesthetic technique. ?!<2 
This study examines some postoperative results of 
early extubation compared to late extubation when 
patients receive the same anesthetic technique. 


Methods. Twenty-four patients scheduled for 
elective, coronary artery surgery, having normal 
ventricular function, normal resting hemodynamics, 
and no history of a myocardial infarction within 
three months were studied after obtaining institu- 
tionally approved informed consent. Patients were 
assigned to either the early or late extubation group 
in a double blind fashion prior to coming to the 
operating room. All patients received the following 
anesthetic regimen.  Pre-medication consisted of 
morphine (0.1 mg/kg IM) and scopolamine (0.4 mg IM) 
two hrs prior to the induction of anesthesia. 
Anesthesia was induced with fentanyl (250-500 ug IV) 
and mask halothane anesthesia in oxygen at a F,0, of 
1.0. Muscle relaxation was achieved with dimeth$1 - 
tubocurarine (0.4 mg/kg IV). When a sufficient depth 
of anesthesia had been obtained, as determined by 
graded response technique, the trachea was intubated 
and respirations were controlled. Anesthesia was 
maintained with halothane in oxygen at a F,0 of 1.0. 
Additionally, morphine (0.2-0.3 mg/kg IV) wa$ admin- 
istered following cardiopulmonary bypass. At the end 
of the surgical procedure, reversal of muscle relaxa- 
tion was achieved utilizing neostigmine (0.06 mg/kg 
IV) and atropine (0.02 mg/kg IV) and documented by a 
train-of-four monitor. Intraoperative data recorded 
included cross-clamp time, cardiopulmonary bypass 
time, and number of vein bypass grafts. 

On arrival in the intensive care unit, all 
patients had respirations controlled by a volume 
ventilator with the following parameters: Fr05 - 
100%, TV - 10-15 ml/kg, RR 8-12 (adjusted to a^PCO 
of 38-42), and a PEEP of 5 cm H40. Patients random- 
ized to early extubation were eXtubated within 6 hrs 
of arrival in the ICU. Late extubation (control) 
patients were extubated the morning after surgery. 
Criteria for extubation included: a responsive 
patient, normothermia, TV > 5 ml/kg, respiratory rate 
< 30 breaths/min, adequate muscle strength, negative 
inspiratory force of > 25 cm H,0, F,0, < 0.5 with 
Pa0, > 70 mmHg, PEEP « 5 cm Hab, absefice of bleeding, 
and hemodyanamic stability. 

Hemodynamic data, arterial and mixed venous 
blood gases, and hemoglobin concentration were deter- 
mined on ICU admission, every two hrs for 6 hrs, then 
every four hrs for 30 hrs. Duration of inotropic 
and/or vasodilator therapy, amount of morphine, 
diuretic requirement, amount of postoperative bank 
blood transfused, time of intubation, and total ICU 
stay time were recorded for all patients. 


Results. Twenty-four patients were studied, 12 
control and 12 early extubation. Group comparisons 
are shown in Table 1. There was no difference 
between groups in age, weight, height, cross-clamp 
time, pump time, or number of grafts.The control 


group was intubated for 16.2 + 0.9 hrs compared to 
5.4 + 0.1 hrs for the early extubation group (p < 
0.05). Duration of nipride therapy was not signifi- 
cantly different between groups (13.6 + 3.2 hrs for 
control, 14.8 + 4.2 hrs early ext.); however, amount 
of morphine required during the ICU stay was signifi- 
cantly different (25.0 + 4.0 mg IV for control vs. 
9.5 + 2.4 mg IV for early ext., p « 0.05). There was 
no significant difference between groups in amount of 
lasix or amount of blood given in the ICU. ICU time 
was not significantly different between groups. The 
calculated shunt (Qs/Qt) did not differ significantly 
between groups over the first 30 hrs after ICU 
admission; however, the control group demonstrated an 
increased shunt at 26 hrs compared to at 2 and 6 hrs 
(p « 0.05, see Table 2). 


Discussion. Foster, et al.! reported an unran- 
domized comparison of 27 control vs. 36 early 
extuba- tion patients, and showed no significant 
differences except for number of blood gases drawn. 
Rankin, et al.* have reported improvement in LV 
diastolic fill- ing associated with early 
extubation. In our study, the increased shunt in 
the control group that occurred at 26 hrs may well 
be atributed to a transitory increase in shunt after 
delayed extubation in this group. Those patients 
extubated early showed only a gradual descrease in 
shunt. We conclude that early extubation after 
coronary artery bypass in selected patients is safe 
and is efficacious for (1) decreased ventilator 
time, (2) gradual decrease in shunt, and (3) 
decreased requirement for pain medication. 
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TABLE 1: GROUP COMPARISONS (mean + SEM) 
Contro Early Extubation 


Age (yrs) 56 + 3 58 € 1 
Weight (kg) 77 & 2 83 15 
Height (cm) 174 * 3 171 + 4 
X-clamp (min) 44 + 4 38 + 4 
Pump (min) 74 +5 66 + 6 
No. Grafts 3.6 + 0.3 3.6 + 0.3 
Intubation (hrs) 16.2 x 0.9 5.4+0.1* 
ICU (hrs) 49-4 42 x 0.8 


* p < 0.01 between groups 


TABLE 2: Qs/Qt (mean + SEM) 
ontro arly Extubation 


ICU Adm 0.23 + 0.02 0.23 + 0.02 
2 hrs 0.18 + 0.01 0.23 + 0.02 
4 0.19 + 0.02 0.20 + 0.01 
6 0.18 + 0.01 0.23 + 0.03 

10 0.19 + 0.01 0.22 + 0.02 
14 0.19 + 0.01 0.23 + 0.02 
18 0.22 + 0.01 0.20 + 0.01 
22 0.23 + 0.03, 0.20 + 0.04 
26 0.25 + 0.03 0.18 + 0.04 
30 0.20 + 0.06 0.15 + 0.03 


¥p < 0.05 from 2 hrs and 6 hrs 
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Introduction. The amplitude of 
Spontaneous frontalis muscle EMG is 
markediy depressed during surgical 
anesthesia, even in the absence of 
neuromuscular blocking agents. Sudden 
increases observed intraoperatively have 
been attributed to enhanced patient 
responsiveness. In fact, frontalis EMG 
amplitude has been used to assess the 
adequacy of anesthesia. However, numerous 
Psychophysiological studies have shown that 
frontalis EMG activity in resting conscious 
Subjects increases during acoustic or 
cognitive processing. Therefore, we 
examined the EMG response to the 
presentation of neutral acoustic stimuli 
during deep surgical anesthesia. 

Methods, Approval was obtained from 
the Veterans Administration Human Studies 
Committee, Fifteen ASA I-III adult male 
Subjects were studied with informed 
consent. Prior to induction of anesthesia 
a hearing test was performed using 
earphones and tape recorded words, The 
standardized anesthetic protocol consisted 
of glycopyrrolate 2.2 mg IV and diazepam 
0.07 mg/kg IV followed 208 min later by a 
defasiculating 3 mg dose of d-tubocurarine, 
induction with thiopental 6 mg/kg IV and 
intubation with succinylcholine 2 mg/kg IV. 
Anesthesia was maintained with 58:58 N40/O 
and isoflurane.  End-tidal concentration o 
this latter agent was continuously 
monitored with an infrared analyzer. 
Approximately 20 min after induction, tape 
recorded acoustic stimuli (neutral words or 
sounds) were presented repetitively via 
earphones for 15 min. The ears were then 
occluded for the remainder of the surgery. 
Using adhesive skin electrodes placed over 
the frontalis muscle and mastoid process, 
successive 18 sec samples of the mean 
integrated EMG amplitude (70-300 Hz 
bandwidth) were digitally recorded. The 
amplitude of the median 18 sec EMG epoch 
during acoustic stimulation was compared 
with the median value obtained in the 
subsequent 15 min "quiet" period. A paired 
Student's t test (two-tailed) was used for 
comparison. 

Results. During the 30 min 
evaluation, end-tidal isoflurane 
concentration remained relatively constant 
at 1.1 € 0.4% (X + SD). The adequacy of 
anesthesia was evidenced by the absence of 
marked changes in mean arterial blood 
pressure, heart rate or end-tidal PCO». In 
all cases, EMG amplitude decreased to near 
the noise level of the monitoring device 


during induction, Elevations from this 
depressed baseline occurred only during 
acoustic stimulation (horizontal bar in 
Fig. l) or from artifactual contamination 
by movement or electrical interference. 
Surgical stimulation did not result in 
enhanced EMG activity in these deeply 
anesthetized patients. Group mean EMG 
amplitude during acoustic stimulation was 
2.5* g.9yuV compared with 1.6*0.6yV 
following stimulation (P<.@l). No 
subject had conscious recall of any 
intraoperative event. 

Discussion. This study demonstrates 
that moderate increases in EMG activity 
are associated with presentation of 
acoustic stimuli and are not necessarily 
indicative of a stress response to 


surgical manipulation. These results thus 


provide objective evidence that central 
processing of acoustic stimuli is not 
totally suppressd during surgical 
anesthesia. Although changes in the 
activity of the spontaneous frontalis EMG 
may offer useful information during 
anesthesia, accurate interpretation will 
require additional study. 
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Introduction. It is well established that locally- 
mediated vasodilation is s compensatory mechanism 
tending to maintain oxygenation of brain tissue 
during arterial hypoxia. 1 Previous studies have 
demonstrated that, when hypoxia occurs during 
Spontaneous breathing, this hypoxic vasodilation is 
antagonized by the vasoconstrictor effects of 
arterial hypocapnia which results from chemoreceptor- 
mediated hyperventilation. 2 Since these studies 
utilized blood flow techniques which measured only 
total cerebral blood flow, it was not evaluated 
whether regional variation exists in the hypoxia- 
hypocapnia interaction. The objective of the present 
Study was to evaluate, using the radioactive 
microsphere technique, regional variation in the 
ability of hypocapnia, secondary to chemoreceptor- 
mediated hyperventilation, to counteract hypoxic 
vasodilation in the brain. 


Methods. Studies were conducted in 20 chloralose- 
anesthetized, mongrel dogs. Animals were intubated 
and catheters were inserted into 1) the thoracic 
aorta (via the right brachial artery) for measurement 
of mean aortic pressure (AOP), 2) the vena cava (via 
the left femoral vein) for measurement of mean 
central venous pressure (CVP), and 3) the left 
ventricle (via the left femoral artery and aorta) for 
systemic injections of radioactive microspheres. 
Measurements of regional cerebral blood flow (CBF) 
were obtained in the cerebral cortex, cerebellum, 
pons, medulla, and cervical spinal cord with 15) 
microspheres. Regional cerebral vascular conductance 
(CVC) was computed from the equation, CVC = CBF/(AOP- 
CVP). Measurements of CVC were obtained during the 
control (normoxic) period and after 4-5 min of 
inspiration of 5 $ Oo in No, at a time when monitored 
hemodynamic parameters were in a steady state. The 
dogs were divided randomly into three groups. Dogs 
of Group I (n=7) were artificially ventilated by a 
Harvard respirator after undergoing bilateral 
thoracotomy and muscle paralysis with succinylcholine 
(1 mg/kg i.v. with supplementation) to prevent 
chemoreceptor-mediated hyperventilation during 
arterial hypoxia. Dogs of Groups II (n6) and III 
(n=7) breathed spontaneously, SO that 
hyperventilation could occur during hypoxia. In 
Group II, arterial PCOo was permitted to fall during 
hypoxia, while in Group III it was maintained at 
control levels by addition of 5 $ CO» to the inspired 
hypoxie gas. Statistical analyses were performed 
using the Student's t test and analysis of variance 
and Student-Newman-Keuls procedures, P< 0.05 was 
considered significant. 


Results. Under control conditions dogs of Groups I, 
II, III had similar arterial blood gases and pH, 
which were in the physiological range. In Group I, 
hypoxia was associated with pronounced reduction in 
arterial POo (15,44 2.2 mmHg) and with stable 
arterial PCOo and pH. These blood gas responses were 
accompanied by significant increases in CVC (Table 
1). In Group II hypoxia was associated with similar 


reduction in arterial POo, and with hyperventilation 
which lowered arterial PCOo to 20.8* 3.3 mmHg and 
raised arterial pH to 7.62+ 0.03. In Group II 
hypoxia-induced increases in CVC in the pons and 
medulla were blunted whereas those in the cerebral 
cortex, cerebellum, and spinal cord were abolished 
(Table 1). A similar degree of hypoxia in Group III 
(hypocapnia corrected) caused pronounced increases in 
CVC which were similar to those in Group I (Table 1). 


Discussion. The present findings corroborate 
previous studies indicating pronounced vasodilation 
in brain during arterial hypoxia under controlled 
ventilation and attenuation of this response when 
chemoreceptor-mediated hyperventilation was 
permitted. Our observation of complete restoration 
of cerebral vasodilation when normocapnia was 
Maintained during hypoxia in spontaneously breathing 
dogs is consistent with arterial hypocapnia, rather 
than a reflex pathway activated by increased lung 


inflation, blunting cerebral vasodilation. The 
present study extends previous studies in 
demonstrating that hypocapnia secondary to 


chemoreceptor-mediated hyperventilation causes non- 
uniform antagonism of hypoxic vasodilation in the 
brain, with greater effect in the cerebral cortex, 
cerebellum, and spinal cord than in the pons and 
medulla. Additional studies are planned to ascertain 
whether this regional variation is influenced by 
degree of hypoxia or by general anesthetic employed. 
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Table 1. Effect of Hypoxia on CVC 
(% change from control) 


GROUP I GROUP II GROUP III 


——————————Ó— i ————— ' ———————Óá»— P —P«— Je 


Cerebral Cortex 289t53* 394 29* 259+ 377 
Cerebellum 294+ 60* 84255” 288+ 25+ 
Pons 3754517 1724 66%?" 456+ 45t 
Medulla 429* 66+ 2064 42*** 476+ 70+ 


Spinal Cord 417+ 64t 125477" 5014 53+ 


Values are Mean? S.E. "E 0.05, different from GROUP 
I; *P< 0.05, different from control (normoxic) value. 
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Introduction. Isovolemio hemodilution is peak reactive hyperemio flow, and it reduced 


increasingly used as a method of blood conservation. 
Previous studies of the effect of acute hemodilution 
on myocardial oxygenation utilized systemic 
replacement of blood with  oerystalloid or colloid 
Solutions (1). Thus, it was impossible to separate 
direct effects of hemodilution from effects secondary 
to inereased global cardiac work requirements (2) and 
activation of cardiovascular reflexes (3). The 
present study utilized a novel preparation to study 
direct effects of hemodilution on myocardial 
oxygenation. Selective, graded reductions in 
hematocrit were produced in the left anterior 
descending coronary artery (LAD) of the in situ, 
working canine heart while measurements of local 
myocardial oxygen consumption and related parameters 
were obtained. 

Methods. Thirteen large, mongrel dogs were 
anesthetized with sodium pentobarbital. After 
intubation and left thoracotomy, the animals were 
mechanically ventilated with room air supplemented 
with oxygen. Mean arterial pressure (MAP), mean left 
atrial pressure (MLAP), and left ventricular pressure 
(LVP) were measured. LVP was differentiated to give 
dP/dt max. 

The LAD was cannulated just distal to its first 
major diagonal branch and perfused via an 
extracorporeal system. The perfusion system utilized 
two reservoirs; one contained arterial blood with 
normal hematocrit  (HCT) and the other contained 
arterial blood diluted to a variable extent with 
lactated Ringer's solution. To cause selective 
coronary hemodilution, the LAD perfusion field was 
switched abruptly from the whole blood reservoir to 
the low HCT reservoir. LAD perfusion pressure was 
maintained with compressed gas at a level equal to 
MAP. Coronary blood flow (CBF) via the LAD perfusion 
line was measured with an electromagnetic flow 
transducer and meter. 

The great cardiac vein was cannulated at same level 
as the LAD so that the local arteriovenous oxygen 
content difference  (C(a-v)0o ) could be determined 
and used in Fick equation to compute local myocardial 
oxygen consumption (MVOo ). Measurements of 
myocardial segment length in LAD bed were obtained 
with ultrasonic crystals. Percent segment shortening 
($383) was calculated from the formula, $38 = (End- 
diastolic length  - End-systolic length)/ End- 
diastolic length. Each trial consisted of period of 
whole blood perfusion followed by period of 
hemodilution; 1-3 trails were carried out in each 
animal. Measurements were obtained after attainment 
of steady-state hemodynamic conditions during 
selective LAD hemodilution. Dilatory reserve of the 
LAD bed was assessed from the peak reactive hyperemia 
following a 90 seo occlusion. Statistical analyses 
were performed using the Student's t test for paired 
samples. P «0.05 was considered significant. 

Results. Although reductions in coronary hematocrit 
and oxygen content caused parallel falls in 
arteriovenous oxygen content difference, increases in 
coronary blood flow were sufficient to maintain 
myocardial oxygen consumption constant (Table 1). 
Graded coronary hemodilution increased progressively 


progressively dilatory reserve. Percent segment 
shortening was unaffected by reductions in coronary 
hematocrit (Table 1). 

Under control conditions, values (meant 3,E.) for 
systemic hemodynamic and arterial blood parameters 
were unremarkable (MAP, 88+ 3 mmHg; MLAP, 4.8+ 0.6 
mmHg; dP/dt max, 129846 mmHg/sec; heart rate, 
144+ 4 beats/min; POs 156+ 34 mmHg; PCO ,44.041.7 
mmHg; pH, 7.355 0.01; HCT, 38.9+ 3.1 1$). These 
values remained constant during selective coronary 
hemodilution. 

Discussion. The present study demonstrates well- 
maintained myocardial oxygenation and function in the 
face of severe reductions in coronary hematocrit. 
This was possible because increases in coronary blood 
flow were sufficient to offset the pronounced 
reductions in oxygen extraction during coronary 
hemodilution. Although reduced blood viscosity 
contributed to these increases in coronary blood 
flow, a major role was played by local autoregulatory 
mechanisms which tapped the coronary dilatory 
reserve. The present findings infer reduced 
tolerance of myocardium to hemodilution when coronary 
dilatory reserve is decreased by proximal stenosis, 
increased metabolic demand, or arterial hypoxemia. 
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Table 1. Effects of Coronary Hemodilution 


Control Reductions in LAD HCT 
25-352 15-25% <15% 


(n=21) (nz7) (n=7) (n=7) 


LAD HCT 39.1 29.9" 20,3" 10.6" 
($) +1.9 #4, 1 £1.3 x1.1 
MVOo 2.33 2.24 2.03 2.25 
(ml/min) +0.17 +0,24 +0.24 +0.15 
CBF 37.2 44, 2* 73.9* 127. 6* 
(mL/min) +3.6 +4,6 +13.9 +13.3 
C(a-v)02 6.28 5.14" 2,94" 1.90* 
(vol. 4$) +0,50 +0.33 +0.37 +0.27 
“SS 11.7 13.6 12.2 11.3 
*t1.1 41.9 +2,7 +2,1 


Values are MeanzS.E.  *P«0.05, 
respective control value. 
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Introduction. Patients with peripheral vascular 
disease (PVD) involving the lower extremities often have 
concomitant coronary artery disease, (CAD), and cerebral 
vascular disease, (CVD). The stress of surgery and anesth- 
esia could exacerbate the patient's underlying cardio- 
vascular disease resulting in a myocardial infarction or 
cerebrovascular accident in the perioperative period. A 
common operation for PVD is the femoral-popliteal bypass 
(FPB). The induction of general anesthesia (GA) may be 
stressful to the cardiovascular system. The intent of this 
study was to answer the question: Is regional anesthesia 
more beneficial in controlling the circulatory responses to 
surgery? 


Materials and Methods. Ten patients requiring FPB . 


were studied. All patients were premedicated with 
morphine sulfate 0.1 mg/kg IM 90 min before surgery. A 
radial artery catheter and pulmonary artery catheter were 
placed in all patients. Patients were randomized into two 
groups: general anesthesia (GA; N = 5) and epidural 
anesthesia (EP; N = 5) 4 of the EP patients and | GA 
patient received diazepam (D) 5 mg and 2.5 mg WV, 
respectively, before placement of indwelling catheters. 
Patients assigned to GA received thiopental (4 mg/kg IV), 
lidocaine (1.0 mg/kg IV) for induction, and succinylcholine 
(1.5 mg/kg IV) for intubation. Anesthesia was maintained 
with 60% N-30, 40% O^, and l-1.5% isoflurane using mech- 
anical ventilation. [5 min before extubation, the patients 
received morphine sulfate 0.05 mg/kg IV. The EP group 
received epidural anesthesia extending to T-10 through the 
L 4-5 interspace using 396 2-chloroprocaine (CHL). Addi- 
tional CHL was administered every 30 min to insure a 
constant level of anesthesia (average total dose 62 ml/pat- 
ient) 30 min. after the last dose, morphine sulfate 0.05 
mg/kg IV was administered. The epidural catheter was 
removed before the patient's discharge from the recovery 
room (RR). The mean arterial pressure (MAP), ECG, heart 
rate (HR), pulmonary capillary wedge pressure (PCWP), 
central venous pressure (CVP), core body temperature and 
cardiac output were recorded. No patients required 
supplemental analgesia in the RR. I: after insertion of 
indwelling catheters; 2: 5 min after intubation or after 
reaching T-l0, 3:5 min after incision; 4:15 min after 
femoral artery (FA) clamping; 5:15 min after FA unclamp- 
ing; 6: 5 min after extubation or last epidural dose; 7: 60 
min in RR. No patients in both groups required any supple- 
mental analgesia in the RR. All patients had an ECG in 
the recovery room. The cardiac index (C!) and rate pres- 
sure product (RPP) were calculated. This study was 
approved by the Institutional Review Board of Columbia 
University. Written informed consent was obtained. 

Results. The number of patient in both groups were 
equal in incidence for CAD and CVD. The GA patients 
showed clinically significant increases in MAP, HR, and 
RPP after insertion of indwelling, 5 min after extubation, 
and 60 min in the recovery room, respectively, when 
compared to the EP patients (Fig. 1). Although there were 
differences between the two groups in CI, PCWP, and CVP 
at various points throughout the study, they were not 
clinically significant (Fig. I). No patient had peri opera- 
tive ischemic ECG changes or arrythmias. All patients 
maintained body temperatures of 35-36? C throughout the 
operation. 

Discussion. In patients with CAD, tachycardia has 


shown to be the hemodynamic abnormality most often 
associated with perioperative myocardial ischemia. An 
increase in RPP has also been correlated with periopera- 
tive myocardial ischemia (2). Although these observations 
were made in patients having coronary artery bypass 
surgery (CAB), many of the patients undergoing FPB have 
some manifestations of CAD: angina or ischemic ECG 
changes. During laryngoscopy, myocardial ischemia is as 
likely to occur in patients undergoing FPB as in CAB 
surgery. This study demonstrates that emergence from GA 
can also be stressful to the patient. Pain, shivering, and 
reaction to the endotracheal tube represents a critical 
period where cardiovascular instability can occur. Even 
with adequate analgesia and normothermia, the data for 
the GA group clearly showed significant increases in MAP, 
HR, and RPP when compared to the EP group after 
extubation and in RR. The EP group not only 
demonstrated greater circulatory stability throughout the 
operation, but also in RR when the effects of anesthesia 
would be decreasing. The differences in MAP, Cl, and RPP 
between the GA and EP groups after insertion of indwell- 
ing catheters were probably due to the administration of D 
to most of the EP patients prior to this period. Because of 
the length of surgery, it is doubtful that this initial dose of 
D would effect the results seen toward the end of the 
study. However, these data suggest that during this 
period, some sedation would be helpful in preventing 
cardiovascular instability in patients with PVD undergoing 
FPB regardless of anesthetic technique. These results 
strongly suggest that epidural anesthesia is a not only a 
very useful technique for those patients undergoing FPB, 
but points out the stressful nature of emergence from GA. 
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Introduction, The direct relationship between 
ischemic heart disease and intraoperative myocardial 
ischemia and postoperative cardiovascular morbidity 
indicate the need for detailed knowledqe of the ef- 
fects of anesthetics on myocardial ischemia.  Isoflu- 
rane decreases qlobal myocardial oxygen consumption 
but maintains coronary hlood flow by producing coro- 
narv vasodilation (1); however such vasodilation may 
impair reqional myocardial oxyaenation in areas dis- 
tal to coronary artery obstruction (2). This study 
was desiqned to test the hypothesis that isoflurane 
would improve reqional myocardial oxygenation during 
acute ischemia by reducina regional myocardial oxygen 
consumption while maintaining or enhancing myocardial 
oxygen supply. 

Methods. Mineteen doqs, 19.3 + 2.4 ko (SD), 
were anesthetized with intravenous thiamylal and me- 
chanically ventilated with an air/oxyqen blend to 
maintain normocarbia and normoxia. Catheters were 
Placed into the aorta (AO) and pulmonary artery to 
measure AO pressure and thermodilution cardiac output 
(CO). The heart was exposed by a left thoracotomy 
and the left anterior descending coronary artery 
(LAD) was encircled with a silastic snare. The LAD 
and its companion vein were cannulated distal to the 
snare with  22-ga catheters for pressure measurement 
and blood sampling for qas tension analysis. A Mil- 
lar catheter was inserted into the left ventricle 
(LV) to measure LV pressure and its first derivative 
(LV dP/dt). The left atrium (LA) was cannulated to 
inject 15-micron diameter,  nuclide-labeled micro- 
spheres for calculation of regional myocardial blood 
flow (RMBF) (3). The epicardial electrogram was mea- 
sured at 15 sites (3 outside of, 6 at the horder of, 
and 6 within the LAD flow area) to determine the num- 
ber and distríbution of sites with ST elevation over 
1 mV and the total magnitude of ST elevation (3). 
Hemodynamic, RMBF, qas tension, and electrocardiogra- 
phic data were collected during 2 randomly sequenced 
periods: normal LAD flow followed by 1) LAD occlu- 
sion alone for 15 min and 2) LAD occlusion plus iso- 
flurane (1% inspired) for 15 min; a 1-hr reperfusion 
period with unohbstructed LAD flow elapsed between 
testing periods. Nata obtained durinq LAD occlusion 
were compared with those ohtained during normal LAD 
flow; also, data obtained during LAN occlusion with 
isoflurane were compared with similar data without 
isoflurane. P less than 0.05 was considered siqnif- 
icant, m 

Results.  Durinq LAD occlusion, ST seqment ele- 
vation increased and cardiac output decreased to the 
same extent with and without isoflurane. Diastolic 
AO pressure, LV dP/dt, LV tension-time index, LV 
Stroke-work index, systemic vascular resistance, and 
normal zone coronary vascular resistance (CVR) were 


less during LAD occlusion with isoflurane than with- 
out it. Neither mean LAD pressure nor CVR in the is- 
chemic zone was decreased by isoflurane during LAD 
occlusion as compared with no isoflurane.  Oxyhemo- 
globin saturation (Oj Sat) was not decreased in 
either the AO or the distal LAD durinq either LAD oc- 
clusion period; coronary vein (CV) O, Sat decreased 
during LAD occlusion without isoflurane (38.2 + 2.2% 
vs 25.7 + 3.2%, P < 0.05) but was not significantly 
reduced during LAD occlusion with isoflurane (34.4 + 
3.3% vs 29.3 + 2.7%, NS). During both LAD occlusion 
periods, CV pH decreased and CV PCO» increased with 
LAD occlusion. RMRF in normally perfused areas was 
unaffected -hy LAD occlusion with or without isoflur- 
ane but the  endocardial-to-epicardial  RMBF ratio 
(FN: FP} decreased durinq both LAD occlusion periods 
(1.15 + 0.04 vs 1.06 + 0.06 without isoflurane and 
1.13 + 0.04 vs 0,98 E 0.04 with isoflurane, P « 0.05 
for both). Ischemic zone transmural RMBF was less 
during LAD occlusion with isoflurane than without it 
(16.6 + 3.4 vs 23.1 + 5.3% of normal, P < 0.05). 
However the EN:EP decreased during occlusion without 
isoflurane (0.91 + 0.05 vs 0.68 + 0.08, P < 0.05) but 
was not siqnificantly less with isoflurane (0.93 + 
0.03 vs G.80 + 0,06, NS). Roth oxygen supply and 
consumption in the LAD reqion were less during the 
LAN occlusion period with isoflurane than without it 
(3.5 + 0.9 vs 8.7 + 2.7 and 5.3 + 1.1 vs 10.3 + 3.1 
m1/100 g/min, respectively; P < 0.05 for both). _ 

Discussion. In this canine model, isoflurane 
reduced ischemic zone myocardial oxyqen consumption; 
however, oxyqen supply was reduced in parallel. The 
decreased ischemic zone RMBF with isoflurane may re- 
late to the decreased aortic diastolic pressure, 
which would decrease the driving pressure for collat- 
eral flow into that area; however a shunting of that 
flow to the normal myocardium was not demonstrated, 
Electrocardioqraphic, blood qas tension, or pH evi- 
dence of worsened ischemia was not observed with iso- 
flurane, 
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Introduction Continuous monitoring during 
anesthesia of the peak end tidal partial pressure of 
carbon dioxide (ETPCO,) has become a widely used 
method of estimating arterial PCO, (PaCO,). 

Raemer et al (1) demonstrated that arterial minus 
peak end tidal partial pressure of carbon dioxide 
(a-ETPCO,) does not remain constant enough in a 
given pafient to allow ETPCO, to be an accurate 
predictor of PaCO throughout a major operation. 

To better define fhe sources of variation between 
PaCO, and ETPCO,, we examined a-ETPCO, in 
patiénts undergding coronary artery bypass surgery. 
We examined the correlation between a-ETPCO, and: 
1) 5 specific points in the operative procedure, and 
2) the parameters of mean arterial pressure (MAP) 
cardiac index (C.I.) mean pulmonary artery pressure 
(PAPm), temperature, and shunt (Qs/Qt). 


Methods After approval by the Clinical Investi- 
gation Committee, 13 patients undergoing elective or 
emergency coronary bypass surgery without valve 
replacement were studied.  ETPCO, was measured with 
an in-line adaptor to an infrared capnometer. All 
patients had radial arterial and pulmonary arterial 
catheters. Temperature was measured with the 
pulmonary artery catheter thermistor. Measurements 
were made at the same 5 times in all patients: 1) 
within 5 minutes of induction; 2) within 5 minutes of 
sternotomy and placement of the chest retractor; 3) 
immediately prior to going on bypass; 4) within 5 
minutes of termination of bypass; and 5) within 5 
minutes of chest closure with sternal wires. All 
blood gases (arterial and mixed venous) were 
corrected to patient temperature.  Newman-Keul 
multiple sample comparisons were made of the mean 
a-ETPCO,, MAP, PAPm, temperature, Qs/Qt, and C.I. 
for all'13 patients at each of the 5 measurement 
points. Linear regression analysis was carried out to 
investigate the correlatiou of MAP, PAPm, tempera- 
ture, Qs/Qt, and C.I. with a-ETPCO, in each of the 
13 patients. 


Results The mean+SD of a-ETPCO, for the 13 
patients ranged from -0.240.4 to 5.6+4.6 torr. 


C.I. after termination of bypass were significantly 
greater (p<0.05) than the respective means at the 
other 4 measurement points. Mean Qs/Qt after termi- 
nation of bypass was significantly greater (p<0.05) 
than the mean after chest closure, the mean prior to 
going on bypass, and the mean after the chest was 
opened. There was no consistent correlation between 
MAP, PAPm, temperature, Qs/Qt, or C.I. and a-ETPCO, 
in individual patients. 


Discussion As a group, patients undergoing 
coronary artery bypass surgery have a significantly 
greater a-ETPCO, after termination of bypass 
secondary to inéreased alveolar dead space from V/Q 
mismatch and venous admixture. This phenomena is 
most certainly due to the aberrations in both 
ventilation and perfusion which occur while on 
bypass. MAP, PAPm, temperature, Qs/Qt, and C.I. do 
not serve as good predictors of the integrity of the 
Paco, ETPCO, correlation in individual patients. 
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TABLE 1 





Post Induct Ch.open Pre-CPB Post-CPB Ch.closed 


i. 1.8341.85 1.8242.64 2.62+2.93 5.1543.8 2.7543.41 
2. 2.0940.45 2.0240.96 1.9140.87 2.71*0.83 2.1640.44 
3. 24.046.2 20.146.3 19.8*7.3 26.6+5.3 18.743.6 
4. 75.4*11.9 84.5*7.6 81.445.8 78.049.1 89.549.9 
5. 18.2*3.2 20.146.9 15.843.9 17.6+4.3 18.2*2.4 
6. 35.740.42 35.130.64 34.890.72 36.7*0.82 35.640.48 





1 = a-ETPCO,; 2-20.1.; 3 = Qs/Qt; 
4 = MAPS 5 = PAPm; 6 = Temp. 
All values are mean+SD. Unit of measurement 
for a-ETPCO,, MAP, and PAPm is torr. Qs/Qt is 
expressed in %. Unit of measurement for temperature 
is Degree C., Unit of measurement for C.I. is 
liters/min/m'. 
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INTRODUCTIQN: 

Despite cónsiderable strides in recent years, 
morbidity and mortality still occur in clinical 
anaesthetic practice with alarming frequency. 
An earlier study from our institution suggested 
at least 17.5% of cases were associated with 
some anaesthetic complication and 0.45% of 
patients suffered significant morbidity 
(prolonged hospitalization or permanent 
debility) fram the anaesthetic exposure. This 
paper examines these non-fatal complications and 
the factors associated with their occurrences. 


METHODS: 

A prospective study from 1975 to 1983 provided 
information on 110,000 anaesthetics administered 
to adult patients undergoing non-obstetrical 
procedures. For each anaesthetic, documentation 
was completed by the anaesthesiologist as to the 
patient (pre-existing medical illness, age, ASA 
risk), the anaesthetic technique (drugs, 
monitors, duration) the surgery (site) and 
intraoperative and recovery room complications 
encountered. Post-operative major problems 
within 48 hours were recorded by an anaesthesia 
follow-up nurse (the same individual for 9 
years) using defined criteria for outcomes. All 
records were reviewed by the anaesthesia nurse 
and responsible anaesthesiologist to assure 
accuracy and completeness. As a validity check 
and to add demographic information the data base 
was computer linked to that of the provincial 
universal health insurance plan. 


Each variable was examined as a risk factor for 
post-operative complications using a chi-square 
or t-test as appropriate. Significant variables 
were used to develop a model in a stepwise 
multiple logistic regression analysis, whereby 
each variable (patient, surgical, anaesthesia 
related) was examined after controlling for all 
others. Odds, ratios and 95$ confidence 
intervals for significant variables (p«.05) were 
determined. 


RESULTS: 
The proportion of patients with post-operative 
complications increased with increasing 


anaesthesia time with a virtual doubling of the 
frequency for each 60 minutes of exposure. 
After controlling for all other variables, 
anaesthesia time of more than four hours 
remained a strong risk factor for post-operative 
camplications (odds ratio 2.43). 


The presence of pre-existing medical conditions or 
drug use were not associated with increased 
morbidity but higher ASA risk patients, advancing 
age and having an intraoperative complication were 
significant risk factors. Pure narcotic and 
Spinal techniques also placed a patient at higher 
risk for  post-operative complications. As 
expected, anaesthesiologists with more experiences 
were less likely to have  post-operative 
complications despite the uniform specialty 
qualification of the faculty. 


CONCLUSION: 

Few studies have been published examining the 
morbidity rates associated with anaesthesia using 
a prospective epidemiological model. Our results 
would suggest that the duration of anaesthetic 
exposure and the experience of the 
anaesthesiologist may be more significant to the 
prediction of post-anaesthetic morbidity than had 
previously been documented. While the patient 
profile and the surgical procedure performed may 
influence the intraoperative and recovery roam 
experience, the quantity and quality of "valuable 
anaesthetic time" remains an important determinant 
of the patient's recovery and ultimate 
satisfaction. 


Table 
RISK OF POST-OPERATIVE COMPLICATION 
Variable Co- St. Relative 
Efficient Error Odds 
Time 4 hr 0.89 0.17 2.43 (2.26, 4.74) 
l hr 


Patient ASA 3-5 0.73 0.16 2.08 (1.73, 3.42) 
ASA 1-2 


Intra-Op Camp. 1.19 0.19 3.27 (1.53, 2.84) 
No Intra-Op Comp. 


Spinal/Other 1.69 0.24 5.40 (3.34, 8.71) 
Narcotic/Other 0.97 0.17 2.65 (1.40, 3.70) 
Increasing 


Experience 
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Introduction, A study in which thiopental was 
given by a standard method until a predetermined 
endpoint (loss of eyelash reflex and consciousness) 
was reached showed a reduction in dosage in elderly 
patients (1). Most of this could be accounted for 
by the physical state of the patients, but 
Christensen and Andreasen (2) found a statistically 
significant fall with advancing age in fit 
subjects. With the new rapidly acting hindered 
phenol, propofol, undergoing clinical trials it was 
important to investigate the influence of age on 
dosage requirements in fit (ASA grades l or 2) 
unpremedicated patients, and to analyse the 
response of young and elderly subjects to varying 
bolus doses. 


Methods. The study was approved by the 
regional medical research ethical committee and 
carried out on 489 patients of either sex who had 
given informed consent. All injections were made 
into large antecubital or forearm veins. In the 
initial dose-finding study, 1.25 mg/kg was given 
over 20 sec followed by increments of 10 mg at 15 
sec intervals until loss of verbal contact 
occurred, There was a total of 269 patients, with 
a minimum of 20 in each 10 yr age band from 16 to 
80 yr. Multiple regression analysis was used to 
fit polynomial terms in age to the dose 
requirements, In the second part of the study 
groups of 25-30 patients aged under or over 60 yr 
were given 1,5, 1.75, 2.0 or 2.25 mg/kg over 20 sec 
and vital signs observed for 2 min. 


Results. There was a wide variation in the 
‘induction! dose of propofol in young patients but 
the average requirements remained fairly constant 
until 50-60 yr. In older patients there was less 
variability in dosage. Most marked was the 
reduction in the induction dose in patients over 60 
yr (Table 1} who required significantly less drug 
than the younger patients (P < 0.001). With this 
slow rate of administration and lower dosage in 
elderly patients there were few adverse effects 
from propofol. 


Table 1. Mean (+ SEM) induction dose 
requirements in different age groups. 


Age (yr) n mg/kg 
under 60 187 2,0140.3 
over 60 82 1.6440.03 





Table 2 also shows a marked difference 
between the response of the two age groups to bolus 
doses of propofol. At all doses studied most 
elderly patients were anaesthetised and at this 
rate of injection both apnea and hypotension were 
more marked in the elderly. Most important is the 
fact that with 2,25 mg/kg in younger adults 97% of 
inductions were acceptable, whereas the comparable 
dose in the over 60 yr age group was 1.75 mg/kg 
(100$ acceptable). The most marked hypotension and 
respiratory depressant effect of propofol is very 
obvious. 


Table 2. $ response of grcups of 30 young 
(under 60 yr) and 25 older patients to várying 
bolus doses of propofol. 





Dose Anesthesia Systolic BP fall Apnea 

(mg/kg) induced exceeding 40 torr exceeding 
l min 

years ~60 60+ ~60 60+ -60 60+ 
1.5 53 96 3 12 3 Ü 
1.75 83 100 0 8 3 4 
2.0 87 96 0 20 10 20 
2,25 97 100 0 45 13 25 





Discussion, This study shows the need for 
caution with propofol in elderly patients, even 
though they may be considered to be relatively 
healthy. With experience we have realised the 
potential dangers of thiopental in the elderly, but 
there has been no similar definitive study with 
this established induction agent. 

The greater sensitivity to this drug in 
elderly subjects is very marked and would appear to 
be greater than with thiopental (3). Bolus doses 
should be much reduced in patients over 60 yr in 
whom the injections should be given slowly. 
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Introduction. We have previously described closed-loop, 
automated control of muscle relaxation in surgical 
patients with succinylcholine (1). With software spe- 
cifically designed using vecuronium pharmacokinetics and 
dynamics, computer control of relaxation with this drug 
was compared to manual administration. 

Methods. Following Institutional Review Board approva] 
and informed consent, 25 patients were prospectively 
studied. Patients with neuromuscular disorders or those 
taking medications affecting the neuromuscular junction 
were not studied. ^ Anesthesia: Premedication with 
diazepam and cimetidine was followed by induction with 
thiopental, 2-5 mg'kg-l, LV. Laryngoscopy was facili- 
tated with succinylcholine, | mg'*kg-:, LV. and steady- 
state anesthetic maintenance was achieved with an end- 
tidal concentration of 1.0-1.3 MAC of enflurane, 
measured by mass spectrometry. Neuromuscular 
Blockade: (See figure) Upon receipt of a trigger signal 
from the controller (computer), a Grass S48 nerve 
stimulator delivered a supramaximal voltage pulse via a 
stimulus isolation unit to the ulnar nerve at the elbow. 
The resulting thenar EMG was amplified, rectified, and 
integrated by an EMG processor, and the voltage 
proportional] output was displayed digitally on the screen 
of the EMG processor, and was sampled and held by the 
controller every 10 seconds. The contro! EMG signal was 
displayed as 100, and any depression of the signal was 
indicated by that percentage of 100 (i.e., 90% depression 
- 10). The controller was implemented on an S100-based 
microcomputer equipped with A-D and D-A converters. 
After the baseline level of EMG was established, the 
controller executed the program, which employed a 
proportional-derivative algorithm for vecuronium, deter- 
mined the infusion rate, and transmitted this signal to an 
IMED 929 computer-driven infusion pump. Patients were 
randomly assigned to either the automatic (AUTO) group 
or the manual (MAN) group. The setpoint (SET) or desired 
degree of EMG depression for all patients was 90%. In 
the AUTO group, the controller induced and maintained 
relaxation until the surgical procedure was completed, 
whereas in the MAN group, the controller was bypassed 
and vecuronium was administered by the anesthetist such 
that 90% EMG depression was induced and maintained, 
guided by the digital display of the EMG processor. 
Initially, the patient's name, weight, age, and sex were 
entered into the controller, and at the conclusion, the 
times, infusion rates, and percent of control EMG were 
recorded at 10-second intervals on a floppy disk, along 
with the patient information. During each study, the 
force of thumb adduction, slowed EMG, percent of control 
EMG, and the drug infusion rate were continuously 
recorded on a Gould four-channel strip chart recorder. 
Study Variables: TIME SET is the number of minutes to 
achieve the desired level of relaxation; AVE-DEV is the 
average percent of EMG by which the SET + 2% was 
over- or undershot; RELAX-DUR is the duration of at 
least 5096 EMG depression, in minutes; and ADJ-DOSE is 
the total required dose of relaxant in ugrkg-l«min-l. The 
data were statistically evaluated, using a two-sample 
T-test, and differences were deemed significant at a p 
value of less than 0.05. 

Results. Age, weight, and physical status were 
comparable between the groups. Study variables are 
presented in the table. The time required to achieve 9096 


EMG depression was shorter in the MAN group; however, 
the deviation from the desired level of relaxation was far 
less in the computerized group. 
Discussion. Variability in the response to neuromuscular 
blockers is well known. This closed-loop, computerized 
feedback control system for the administration of 
vecuronium provides a solution to this problem by 
automatically administering the appropriate dose of drug 
based on the patient's responsiveness to that drug. In the 
clinical setting of this study, the system was superior to 
conventional manual administration in providing the 
desired degree of neuromuscular blockade in every patient 
with considerably less over- and underdosage, requiring 
less drug per unit time. This system was uniformly 
reliable for long surgical procedures without human 
interference and its associated deficits and errors. It also 
demonstrated that smooth control can be nicely achieved 
with drugs having the kinetics and dynamics of 
vecuronium. 
Reference. 
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Comparison of Computerized and Manual 


Vecuronium Administration Variables (Mean + SE) 





MAN AUTO 

(n = 11) (n = 14) 
TIME SET 6.67 + 0.59 9,30 * 0.95* 
AVE-DEV 1.30 +0.18 0.60 + 0.15+ 


RELAX-DUR 165.8 + 18.2 139.3 * 11.5 


ADJ-DOSE 0.62 + 0.06 0.54 + 0.06 
MAN = manual administration 
AUTO = closed-loop feedback control 
TIME SET = time to 90% EMG depression, 
in minutes. 
AVE-DEY = average % EMG error per minute 
>or < SET *2%. 
RELAX-DUR = duration of > 50% EMG depression 
ADJ-DOSE = dose of vecuronium per kg per min 
relaxation, in ugrkg-^*min- 
x =p € 0.05 vs manual administration 
* - p < 0.01 vs manual administration 
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Introduction. The circulatory response to laryngoscopy 
and intubation can be effectively blunted by low-dose 
fentanyl (1). This randomized, double-blind study was 
designed to compare the effects of esmolol, a new, ultra 
short-acting beta-blocker, with those of placebo and low- 
dose fentanyl on the circulatory responses to laryngoscopy 
and intubation in patients of ASA physical status III and IV 
undergoing noncardiac surgical operations. 

Methods.  Fifty-four patients undergoing a variety of 
noncardiac surgical procedures were included. Following 
Institutional Review Board approval, informed consent 
was obtained from each patient. Factors necessitating 
exclusion from study included cardiac dysrhythmia, acute 
myocardial infarction, arterial hypotension less than 
100/50 mm Hg, or the receipt of any beta-adrenergic or 
calcium-channel blockers within four half-lives of study 
entry, or of adrenergic augmenting or depleting drugs 
within six weeks of study entry. Ninety minutes following 
diazepam premedication, baseline variables were recorded 
for five minutes. After this, the study infusion was 
Started at time zero. At minute 7, 3mg of 
d-Tubocurarine were given intravenously, followed at 
minute 10 by anesthetic induction with thiopental, 
3 to 5 mg'kg-l, LV.  Succinylcholine, 1.5 mg-kg-!, LV. 
was administered simultaneously with the thiopental, and 
when the patient was fully relaxed, a laryngoscopy lasting 
at least 30 seconds was performed, followed by endo- 
tracheal intubation at minute 11. Anesthesia was 
maintained with halothane, 0 to 1.596 inspired and nitrous 
oxide, 6096 in oxygen. Both the esmolol and placebo 
infusions were started at time zero and continued until 
minute 15, with the esmolol infused at 500 ug:kg-l-min-l 
for 6 minutes and 300 yg-kg-!-+min-1 from minutes 7 to 
15. The fentanyl infusion was also begun at time zero, at 
an infusion rate of 0.8 y g‘kg-l-min-!, and was completed 
at minute 10; Arterial pressure and heart rate were 
measured at one-minute intervals. The control values 
represent the mean of five baseline measurements; the 
largyngoscopy values represent the first determination 
following laryngoscopy; and the  post-laryngoscopy 
numbers are the average of the five values obtained 
following laryngoscopy. Data was statistically evaluated 
using one-way analysis of variance, with pair-wise 
comparisons between means made using the Fisher's 
protected least significant difference test. Differences 
were deemed significant at p value less than 0.05. 

Results. There were no hemodynamic or demographic 
differences between groups in the control stage; however, 
during induction the fentanyl patients received 
significantly less thiopental than either the esmolol 
(3.13 + 0.17. vs 4.05+0.12 p < 0.01) or placebo patients 
(3.134 0.17. vs 3.88 * 0.17 p < 0.02. There were no 
complications of the study seen in any patient, 
Hemodynamic data are presented in the following table 
and the figure, 

Discussion. Fentanyl, in the dose employed here, was 
associated with the lowest heart rates and mean arterial 
pressures, both during and following laryngoscopy. During 
laryngoscopy, the esmolol infusion resulted in heart rates 
higher than the control, but significantly lower than in the 
placebo group. Esmolol was also associated with 
unchanged mean arterial pressure, which was significantly 
higher than that seen with fentanyl. This means that 
fentanyl, while preventing the tachycardic rise in 


myocardial oxygen consumption, may decrease coronary 
perfusion pressure. Esmolol, on the other hand, only 
attenuated the heart rate increase, while myocardial 
perfusion pressure was apparently preserved. It is 
conceivable that the combination of esmolol with a smaller 
fentanyl dose may offer the advantages of both drugs. 
Reference. 
Il. Martin DE, Rosenberg H, Aukburg SJ, et al. Low- 
dose fentanyl blunts circulatory responses to tracheal 
intubation. Anesth Analg 1982; 61:680-85. 


HEMODYNAMIC RESPONSES DURING AND 
FOLLOWING LARYNGOSCOPY (MEAN + SEM) 


Cont Laryng Post 
P 79.6+1.5 89.8 t 3.4% 89.1 + 1.4% 
HR E 70.6t1.1 79.14 3.5*+ 76.6+ 1.1*ł 
P 101.1 * 1.6 103.1 * 5.6 105.6 + 2.5* 
MAP E 103.6* 1.2 107.0 * 5.0 101.9 * 1.9 


F 103.9* 1.8 840.5* 6.2*£8 79.8 5 1.9%+§ 


P = placebo; E = esmolol; F = fentanyl 

Cont = control; Laryng = laryngoscopy; 

Post = post-laryngoscopy 

HR = heart rate in beats * min! 

MAP = mean arterial pressure in mm Hg 

x = p < 0.05 vs control in same group 

+= p < 0.05 vs laryngoscopy stage in same group 
t =p < 0.05 vs placebo group at same stage 

§ = p < 0.05 vs esmolol group at same stage 


+% 
20 


CONTROL 
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20 
-% 
Changes in Heart Rate (HR) and Mean Arterial 
Pressure (MAP) During Laryngoscopy 
P = Placebo; E = Esmolol; F = Fentanyl 
Absolute values and statistical significance 
are present in the table. 
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Introduction: Anxiety is believed to play an 
important role in the patient's perception of 
postoperative pain (1). Midazolam is a recently 
introduced benzodiazepine with demonstrated 
anxiolytic and sedative properties and has been 
successfully used as an intramuscular premedicant 
(2). We sought to determine its efficacy as an 
adjunct to IM Meperidine in the treatment of pain 
following upper abdominal surgery. 


Methods: One hundred and fifty male and non- 
pregnant female patients, ASA physical status I or 
II, aged 18-65 years, weighing 50-100 kg gave their 
informed consent to participate in this 
institutionally approved study. All were scheduled 
to undergo upper abdominal surgery. Known drug or 
alcohol abusers, those on chronic sedative, 
tranquilizer or analgesic therapy were excluded. 
Each patient was randomly assigned to one of five 
groups of 30 patients, to receive postoperative 
pain medication as follows: 1. Meperidine (MEP) 
0.5 mg/kg + Midazolam (MID) 0.05 mg/kg; 2. MEP 1.0 
mg/kg + MID 0.05 mg/kg; 3. MEP 0.5 mg/kg; 4. MEP 
1.0 mg/kg; 5. MEP 1.5 mg/kg. In all cases, 
injection volume was made up to 2 ml with placebo 
(MID vehicle). In order to enter the study, on the 
morning following surgery a patient had to describe 
their pain as moderate or severe on a scale that 
included mild and none, and not have received any 
analgesic or sedative medications within the 
previous 3 hours. The single injection was then 
given IM, double blind, into the vastus lateralis 
muscle. Patients with inadequate pain relief, 

' requiring analgesics within 1 hour of the test 
injection, were excluded from further study, not 
included in the analysis of results and were 
replaced. At 0, 30, 60, 120, 180, 240, 300 and 360 
minutes following injection, analgesia, sedation, 
anxiety aud vital signs were assessed. Pain was 
evaluated (PNEVAL) by a nurse observer on a scale 
of 4 (very severe) through 0 (none). Each patient 
evaluated their pain intensity score (PIS) on a 
visual analogue scale (0-100, where O=no pain, and 
100=worst pain imaginable), and pain relief (PNREL) 
on a scale of 4 (no relief) through 1 (complete 
relief). Patient anxiety was measured prior to and 
at 30, 60 and 120 minutes after, injection, using a 
State-Trait Anxiety Inventory (STAIX) (3) Also at 
these times, memory cards were randomly shown and 
recall was determined next day. Sedation was 
evaluated (SEDEVAL) by the nurse on a scale of 6 
(hyperactive) through 1 (asleep, no response). 
Patients with inadequate relief of pain between 60 
and 360 minutes, were given additional analgesics 
and the data collected prior to rescue was included 
in the analysis of results. Comparisons among the 
groups were made using repeated measures analysis 
of variance (RMANOVA); p< 0.05 was considered as 
significant. For the statistical analyses of 
PNEVAL, PNREL and PIS, at each measurement point 


after 60 minutes, group sizes were made up to 30 by 
assuming that those patients who had dropped out, 
would have a PNEVAL score of 3, a PNREL score of 4 
and a PIS score equal to that on entering the 
study. Sedation scores could not be so corrected 
and therefore RMANOVA could only be applied at 
times 0, 30, 60 minutes. 


Results: Demographics were similar among the 
five groups and over 80% of patients underwent 
biliary surgery. Survival analysis showed no 
statistically significant differences among the 
five groups in the time intervals until 
remedication, although at any measurement point 
group 2 always had the most patients. Assessments 
of pain (PNEVAL, PIS) suggested that group 2 had 
the greatest analgesia but statistically, group 2 
was only significantly superior to group 3. Two 
hours post medication and at all subsequent 
observation times, group 2 had significantly more 
pain relief (PNREL) than group 3. Group 2 was 
significantly more sedated (SEDEVAL) than 3, 4 and 
5 at l hour. Group 2 was the least anxious (STAIX) 
but only significantly different from group 3, at 
30 minutes. There was significant correlation 
between pain scores and SEDEVAL scores at 30 and 60 
minutes. When average PNEVAL scores were covaried 
with SEDEVAL scores, there were no significant 
differences in PNEVAL among any of the groups. 
Incidence of anterograde amnesia (memory cards) was 
significantly greater in groups 1 and 2 (MID), than 
3, 4, 5 (MEP) at 30 minutes (X2-17.1, p<0.02) and 
60 minutes (X2=18.72, p<0.001) but not at 120 
minutes, There were no significant changes in 
vital signs, nor were there any notable side 
effects in any of the groups. 


Discussion: The analgesic effect of meperidine 
was not significantly enhanced by addition of 
midazolam. This finding is at variance with that 
reported (4) using similar combinations of morphine 
with midazolam and may be attributed to 
pharmacologic differeuces between morphine and 
meperidine. 


References: 
1.  Beecher, HK. Anxiety and Pain, JAMA, 
1969;209:1080. 
2. Miller R, Eisenkraft JB, Thys DM et al. 
Comparison of IM Midazolam with Hydroxyzine as 
Preanesthetic Medications.  Anesth. Rev., 1982; 
9:15-19. 
3. Spielberg C, Gorsuch R, Tushene R. State-Trait 
Anxiety Inventory (Self Evaluation Questionnaire), 
Consulting Psychologists Press Inc., 1970; Palo 
Alto, California. 
4. Fragen RJ, Tobin, M. Does Midazolam Augement 
Morphine Analgesia for Postoperative Pain? 
Anesthesiology, 1984;61:3A, A192. 
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Introduction: Monitoring of neuromuscular 
blockade is important whenever muscle relaxants are 
used, Traditionally it involves stimulating a 
peripheral nerve and observing and/or recording the 
evoked mechanical response. Mechanical recordings 
present certain technical difficulties such as the 
direction of the applied force, and the resting 
tension of the muscle. Electromyographic (EMG) 
techniques offer fewer difficulties but until 
recently have not been available for clinical use 
in the OR. The purpose of this study was to compare 
the results of integrated EMG monitoring, using the 
Datex 221 Neuromuscular Transmission Monitor (NMT) 
(Puritan Bennett Corp, Wilmington, Mass) with 
twitch tension monitoring, during the onset of 
neuromuscular blockade produced by curare. 


Methods: Eleven patients gave their informed 
consent to participate in this institutionally 
approved study. None had a history of disordered 
neuromuscular function. All received oral diazepam 
as premedication. On arrival to the operating 
room, NMT skin electrodes were applied to the 
patient's left wrist and hand. Two (stimulating) 
electrodes were placed over the ulnar nerve, two 
(recording) electrodes over the hypothenar muscles, 
and one ground electrode, in the palm of the hand. 
The left arm was then placed in a 
specially constructed armboard so that twitch 
tension in the adductor pollicis muscle could be 
measured using a force transducer (Grass FT10) and 
recording polygraph (Grass 79D). Resting tension 
in the thumb was set at 200-300 gm force. 
Anesthesia was induced with thiamylal sodium 
150-200 mg iv, fentanyl 50 mcg; and maintained with 
N50/05 (70/302). Once the patient was asleep, the 
NMT was calibrated to produce a supramaximal 
stimulus which evoked maximal EMG and mechanical 
responses, The unit then delivered trains-of-four 
stimuli (2Hz; stimulus duration 0.10 msec) to the 
ulnar nerve every 20 seconds. Following 
calibration, curare in increments of 3-6 mg was 
administered iv and the responses observed. When 
relaxation was adequate, the patients were 
intubated and the anesthetic proceeded as usual. 
Succinylcholine and the potent volatile agents were 
avoided, EMG responses were read directly from the 
NMT's digital display of Tj/Control (%) and T4/T, 
(3). Mechanical responses were measured from the 
polygraph tracing. EMG responses Were compared 
with simultaneously recorded mechanical responses 
using linear regression analysis. 


Results: Twelve pairs (EMG and mechanical) of 
responses were selected from each patient during 
onset of curarization. The results are shown in 


Figure 1 (T1/C), and Figure 2 (T4/T1). EMG ratios 
are shown on the y-axis. The analysis for Tj/C is 
expressed by the equation: y=0.53x + 37; r=0.72; 
Sy.x (standard error of the estimate )=17.2; 
t-11,51; PX0,001. The analysis for T/T) is 


described by: y= 0.76x + 25; r=0.78; 
Sy.x=16.8;t=13.9, P «40,001. The hatched lines in 
each figure indicate the 95% confidence limits of 
the regression equations. 


Discussion: Differences between the results of 
mechanical and EMG monitoring of neuromuscular 
blockade have been reported previously (1) but have 
not been quantified. Our results show that there 
is a fairly good correlation between the ratios 
obtained using NMT (EMG) and twitch tension 
monitoring. In monitoring T,/C during onset of 
curarization, the electrical is more sensitive 
than the mechanical response, showing a decrease in 
ratio before it is seen in the mechanical response. 
In the presence of a profound block, when Tj is 
just below the threshold of mechanical detection, 
the EMG Tj/C is 37%. The EMG can thus be used to 
monitor more intense neuromuscular blockade (EMG 
Tj/C 0-373). Decreases in the T4/T, (fade) ratio, 
however, are detected earlier in the mechanical 
response than by EMG. The reasons for the 
differences in the results observed using the two 
monitoring methods remain unclear. However, once 
familiarity is gained with the NMT, its 
electromyographic system certainly simplifies 
routine clinical monitoring of neuromuscular 
transmission. 


Reference: l. Epstein RA, Epstein RM. The 
Electromyogram and the Mechanical Response of 
Indirectly Stimulated Muscle in Anesthetized Man 
Following Curarization. Anesthesiology, 1973; 
38:212-223. 
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Introduction. Controversy continues regarding 
anesthesia risks and associated blood pressure 
changes in hypertensive patients (pts). Their blood 
pressure is more labile compared to normotensives, 
and they are prone to frequent hypo- and 
hypertensive episodes during surgery (1). 
Controlled (treated) hypertensives are as 
predisposed to peri-op blood pressure fluctuations 
as untreated pts (2). We performed this study to 
examine hemodynamic effects of neuromuscular 
blockers during anesthesia in controlled 
hypertensives and normotensive pts. 


Methods. With informed consent, we studied 2 
groups of pts undergoing coronary bypass surgery. 
None had valvular, renal, hepatic or neurologic 
disease. Group I consisted of 20 normotensive pts 
without history of hypertension; Group II were 20 
pts with confirmed history. of hypertension and BP 
controlled to < 140/90 before surgery.  Pre-op beta 
adrenergic and calcium channel blockade were 
continued to morning of surgery. Premedication was 
morphine sulfate 0.1 mg/kg IM, scopolamine 0.4 mg 
IM, and transdermal nitroglycerin 5 or 10 mg. Pts 
within each group were randomized to receive 
equipotent doses (0.12 mg/kg) of either pancuronium 
(P) or vecuronium (V) given at induction with 
fentanyl 50 meg/kg and 100% 05. Hemodynamics were 
measured preinduction (control), 2 min after 
induction, 2 and 5 min after intubation.  Paired 
comparisons were made by a student t-test with P < 
0,05 as significant. 


Results, The study groups were comparable for 
age, pre-op myocardial infarction, degree of 


coronary disease, pre-op beta adrenergic and calcium 
channel blocker therapy, and baseline hemodynamics, 
including systolic, diastolic.and mean arterial 
pressures, 

Cardiovascular responses are summarized in the 
tables 1 and 2. V permitted stable hemodynamics in 
normotensive and hypertensive pts, with minimal 
(< 52) HR and BP changes over baseline at all 
measurement times. In contrast, P caused 
tachycardia in both pt groups; HR was significantly 
higher (P < 0,001) than with V at all measurement 
times in normotensive and hypertensive pts. 
Systolic BP also increased more after intubation 
with P when compared to V in the hypertensive group 
(5% vs -1%, P < 0.05). Other hemodynamic 
measurements did not show significant differences 
between groups. No ischemic changes were noted on 
EKG. 


Discussion. Our study illustrates that 
appropriate selection of neuromuscular blocker can 
influence cardiovascular responses to induction and 
intubation in controlled hypertensives. P caused 
the expected tachycardia due to its vagolytic 
effects. V, which does not release histamine or 
show autonomic effects, permitted stable 
hemodynamics in controlled hypertensives and 
normotensive patients. This is contrary to the 
previous observations of Roberts (1) and Goldman 
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(2). Other factors which may have contríbuted to 
this stability are: A) beta adrenergic and calcium 
channel blockade were used to control BP and were 
continued to the morning of surgery. These agents 
differ from "rauwolfia" and ganglion blocker agents 
that can cause severe hypotension. B) Fentanyl 
auesthesia, which minimizes cardiovascular responses 
to induction and intubation. We conclude that 
pre-op BP control in hypertensives, and selection of 
drugs free of cardiovascular effects, can provide 
Stable induction of anesthesia which is comparable 
to that observed in normotensive patients. 


References. 
l. Roberts AJ, Niarchos AP, Subramanian VA, et al: 
J Thorac Cardiovasc Surg 74:846-859, 1977 
2. Goldman L, Caldera DL: Anesthesiology 
50: 285-292, 1979 


TABLE 1: HEMODYNAMIC MEASUREMENTS WITH VECURONIUM (M t SE) 
2 min after 2 min after 5 min after 
induction intubation intubation 
HR 73 65 + 6 
62 60 * à 
MAP 10 104 + 5 
9 94 + B 
CI 2. 0.2 2.5 + 0.2 
Ze 0.2 2.8 + 0.2 
CVP I 1 9 ti 
i 1 9 $1 
PCWP 4 1 18 +2 
l 13+ 1 
SVR 1534 + 108| 1569 + 165 1550 + 181 1627 + 135 
d 1473 + 269 1333 * 147 1300 * 118 1262 + 122 
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5 min after 
intubation 


2 min after 
intubation 


2 min after 
induction 
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SVR Norm. |1261 + 79 | 1257 + 121 | 1354 + 165 | 1350+ 161 
Hyper. |1274 + 107} 1072 * 100 | 1175 * 101 | 1158 * 104 


Abbreviations: HR: Heart rate (beats/min); MAP: Mean arterial 

pressure (mm Hg); PAD: Pulmonary artery diastolic (mm Hg); PCWP: 
Pulmonary capillary wedge pressure (mm Hg); CVP: Central venous 
pressure (mm Hg); CI: Cardiac index (ml/miín/m2); SVR: Systemic 
vascular resistance (dynes/sec/cm >); Norm:  Normotensive; Hyper: 


Hypertensive 


* P< 0.05 when compared to V as percent change over baseline at the 
measurement time indicated. 


t P < 0.05 when compared as percent change over baseline for the same 
drug * 
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Introduction Amiodarone hydrochloride (AH) is 
a benzofuran derivative introduced 17 years ago as 
a vasodilator for anginal therapy. Recently, AH 
has been utilized primarily as an antiarrhythmic 
agent (1). It has been found to be highly 
effective in the treatment of chronic ventricular 
tachycardia (VT) refractory to other antiarrhythmic 
regimens. AH has been reported to cause hypoten- 
sion and bradycardia during general anesthesia (2). 
A retrospective analysis was performed on 33 
patients on chronic oral AH who presented for 
intraoperative electrophysiologically (EPS) guided 
endocardial resection and aneurysmectomy. 


Method From 1978 to 1983, 129 patients under- 
went EPS-guided resection and aneurysmectomy. Of 
these, 33 were on oral AH therapy to within 25 days 
of surgery. The charts and anesthetic records of 
all 129 patients were evaluated for demographic and 
preoperative data, operative course, anesthetic 
technique, post-bypass and intensive care unit 
(ICU) course including postoperative (postop) 
complications. The 33 AH patients comprised group 
I and the 96 other patients group II. All data was 
evaluated by student's t-test and chi-square 
analysis. 


Results Preoperative and intraoperative data 


for group I and group II patients are summarized in l 


Table #1. Table # 2 shows the cardiovascular 
support required post-bypass and in the ICU. No 
significant difference in postop incidence of VT, 
bleeding, sepsis, or renal complications was 
observed. However, 21% group I patients developed 
respiratory complications as opposed to 4% of the 
group II (p <.05)}. 93% group I patients were 
extubated with a mean time of 76 hours 
postoperatively and 92% group II patients were 
extubated postoperatively with a mean time of 30 
hours (p <.05). 3 of 33 group I patients expired 
(1 of arrhythmia, 1 of sepsis, 1 of pump failure) 
while 12/96 group II patients expired (3 of 
arrhythmia, l of respiratory complications, 7 of 
pump failure and 1 of sepsis). 


Discussion The results show that the group I 
patients began with decreased ventricular function, 
and that the group I perioperative course was more 
complicated, requiring greater cardiovascular 
support both post-bypass and in the ICU. The 
increased need for catecholamine and vasodilator 
support in the ICU and the greater time to 
extubation in group I reflects the stormier 
(postoperative) course of patients. The increased 
incidence of respiratory complications could be 
explained by the complicated ICU course, increased 
duration of intubation or possibly by the pulmonary 
toxicity of the AH itself. As AH has both alpha- 
and beta-blocking properties and can cause 
decreased diastolic depolarization and increased 
action potential duration, it is not surprising 


that bradycardia and hypotension can be seen with 
its use (3) In conclusion, patients on 
preoperative oral AH for control of refractory 
ventricular arrhythmias demonstrated greater need 
for post- bypass and ICU inotropic and vasodilator 
therapy, as well as longer time to extubation. 


References 
1. Rosenbaum MB, Chiale PA, Hallpern MS, et al: 
Clinical efficacy of amiodarone as an 
antiarrhythmic agent. Am J Cardiol 1976; 38:934. 
2. Gallagher JD, Lieberman RW, Meranze J, Spielman 
SR, Ellison N: Amiodarone induced complications 
during coronary artery surgery. Anesth 1981; 
55:186-188. 
3. Cote P, Beurassa MG, Delase J, Janin A, Froment 
R, and David P: Effects of amiodarone on cardiac 
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metabolism in patients with coronary artery disease. 
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Table $i 


Group I Group if 
(amiodarone) (non-amiodarone) 

Number 33 96 

Age (years) 56 57 

sex 31 male 2 female 74 male 22 female 
weight (kilograms )* 75 75 

height (centimeters )}* 177 172 

body surface are (meter2)* 1.9 1.9 

LVEDP (mm mercury)* 23.0t 18.5 
cardiac output (l/min)* 4.8 4,6 
preoperative sinus 91% 94% 
rhythm 

atrial fibrillation 32% 3% 
preoperative transvenous 62 37 
pacemaker rhythm 

fentanyl 27tt 40 
morphine a 2 
isoflurane att 3 
enflurane Ott 21 
halothane 2tt 30 
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* all values are expressed as mean of the group 
1 p< 0.05 
tt p < 0,001 


Table $2 Cardiovascular Support 





Group I Group II 
Neosynephrine 4.8* 2.9 
(mg on bypasa) 
epinephrine 87* 33 


(X patients on post 
bypass infusions) 
Vasodilators 72% “AS 
(X patients on post 
bypass infusions) A 
intra-aortic balloon pump 39 25 
insertion post bypass 
(Z patients) 

_ epinephrine in SICU Six 50 
(X patients received 
infusion) 
Nitroprusside in SICU 66* 44 
(Z patients received 
infusion) 


Mesum DE MM a Sse tems HH 


* p «X 0.05 
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Introduction, Large doses of the synthetic nar- 
cotic, fentanyl (^0 to 100 uq/kq), frequently are ad- 
ministered clinically to patients undergoing cardiac 
surgery, because of the hemodynamic stability and oh- 
tundation of the sympatho-adrenal stress response to 
surqical stimulation that is provided by high concen- 
trations of narcotics. However, fentanyl does not 
alter ischemic myocardial oxygen utilization and has 
minimal effects on canine coronary artery adrenerqic 
function. This study examined the effect of fentanyl 
on myocardial infarct size (MIS) and on reqional myo- 
cardial blood flow (RMRF) after coronary artery oc- 
clusion in doas. 

Methods, Thirteen adult monqrel dogs (21.1 + 
2.5 kq) were anesthetized with thiamylal, 15 mq/kq 
iv, plus 2-4 maq/kq/hr. Controlled ventilation was 
applied with an air/oxygen mixture to produce normo- 
carbia and normoxia and acid-base balance was main- 
tained with sodium bicarbonate. Lead It of the FCG 
was monitored continuously. Catheters were placed 
into the pulmonary artery (PA), the left ventricle 
(LV), and the aorta to measure corresponding pres- 
sures and thermodilution cardiac output (CO) and to 
sample hlood for gas tension analyses. The heart was 
exposed by a left fifth interspace thoracotomy, and 
the left anterior descending coronary artery (LAD) 
was dissected free and encircled immediately proximal 
to the first major apical diaqonal brauch with a liq- 
ature, The left atrium (LA) was cannulated for sub- 
sequent injection of 15 4-diameter, nuclide-labeled 
microspheres for RMBF measurement (1). Hemodynamics 
were recorded and the first set of microspheres was 
injected before LAD occlusion, Lidocaine (1.5 mq/kq 
iv) was injected and the LAD was occluded perma- 
nently. Five minutes later, macroagqreqated albumin 
microspheres labeled with 0.5 mCi/kg of  99mgyc 
were injected into the LA to measure by autoradio- 
graphy the area of myocardium that was hypoperfused 
and thus at risk of infarction (2). One hour after 
LAD occlusion, microspheres were again injected and 
hemodynamic data were collected, after which the doqs 
were randomly assiqned to receive continued thiamylal 
infusion either alone (controls) or in combination 
with fentanyl, 100 uq/kg iv bolus, Hemodynamic data 
and arterial hlood qas tensions were recorded hourly 
thereafter for 6 hr. RMRF measurements were repeated 
at 3 and 6 hr after LAN occlusion, After 6 hr, the 
doqs were sacrificed. The hearts were removed and 
the LV cut into 5-mm thick sections, which were 
stained with tetrazolium (1). The autoradiographic 
image of each section was digitized to quantify the 


area of myocardium hypoperfused 5 min after LAD oc- 
clusion, The tetrazolium-stained sections were diai- 
tized to quantify the area of histochemical infarc- 
tion, after which the infarcted tissue was dissected 
from normal tissue and weighed for a direct MIS de- 
termination, RMRF was calculated from endocardial. 
and epicardial seqments of the normally perfused, the 
ischemic, and the infarcted zones. Differences be- 
tween qroups were assessed by usinq Student's t test 
and analysis of variance. Results are expressed as 
mean + SE. 

Results. By the randomization, 6 dogs received 
fentanyl and 7 did not. Arterial blood gas tensions 
and pH did not differ between the two groups. Mean 
arterial pressure decreased in control dogs (from 123 
+ 6 to 83 + 8 mmHq) but did not change with fentanyl 
(112 + 7 vs. 99 + 6 mmHg) from before LAN occlusion 
to 6 hr after occlusion (P « 0.05). No significant 
differences in MIS were seen between the qroups (19.0 
+ 6.1 and 26.1 + 3.9% of LV with and without fenta- 
nyl, respectively), or for the area at risk of in- 
farction (37.8 + 4.2 and 34.1 + 7.7% of LV, respec- 
tively). However, the difference hetween infarcted 
area and hypoperfused area at risk, which we used as 
a measure of myocardial salvaqe, was 6 + 4.1% without 
fentanyl and 1R + 6.1% with fentanyl (P < 0.1). RMBF 
values decreased in ischemic zones after LAD occlu- 
sion hut did not differ siqnificantly hetween the two 
qroups after occlusion. 

Discussion, The principal finding of this study 
is that neither RMRF nor MIS was altered by a 100Kg/ 
ka-fentanyl bolus in this canine model of acute myo- 
cardial infarction produced by LAD occlusion. Where 
appeared to he a small increase in myocardial salvage 
with fentanyl although this was not highly statisti- 
cally significant. Further studies are required to 
Gelineate the mechanisms of this salvage. 
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Introduction. The fundamental difference bet- 
ween clinically useful types of agonist-antagonists 
is conceived that one produces analgesia by acting on 
the u-opioid receptor and the other by acting on the 
kappa-receptor (1). Nalbuphine, a mixed agonist- 
antagonist, 0.5-0.8 the potency of morphine, with low 
abuse potential and a ceiling effect for respiratory 
depression (2,5), was evaluated in regard to its 
effects on somatosensory-evoked potentials (SEP). 
Together with pain report, amplitude and latency 
changes of event related potentials, SEP's are a good 
measure for the individual pain perception rather 
than just transduction and transmission of stimulus 
events (4). Thus increasing doses of the narcotic 
antagonist were evaluated for SEP-effects and their 
correlation with pain threshold. 


Methods. Following institutional approval for 
human investigation and informed consent by the sub- 
jects, increasing doses of nalbuphine (50-100-500- 
1000 ug/kg) were given to 20 volunteers i.v. every 
15 min. Before and after each injection, SEP's and 
tolerance threshold to increasing electrical stimulus 
intensities where strong pain was experienced were 
assessed. Evoked potentials were induced by right 
median nerve stimulation, which was of square wave 
nature with a duration of 0.2 ms, at a rate of 5/s, 

a stimuli repetition of 1024, and a current twice 
above motor threshold (supramaximal). Potentials were 
derived from position FpZ-C3 (reference right ground 
arm strap) after having passed an isolated high gain 
amplifier and a filter setting between 5-800 Hz. At a 
sampling rate of 256 KHz, the potentials were aver- 
aged a period of 150 ms (Neurotrec, Interspec Medical 
Wisconsin) and the display analysed by cursor posi- 
tion in terms of base to peak amplitude (pV) and 
latency (ms) at each of the major deflection changes 
identified in terms of polarity (N- negative). To 
determine significance the effects were compared to 
control using the Friedman and Wilcoxon-Wilcox test. 


Results. Compared to control a total of 650 
and 1650 ug/kg of nalbuphine induced a significant 
(p < 0.01) increase in latency of the N40- and the 
Niog0-peak (table). The increase in latency showed a 
good correlation (rz0.95 and 0.94 respectively) with 
the tolerance to increasing stimulus intensities 
(mA, table). In some instances a total dose of 
150 ug/kg revealed a similar increase in latency as 
1650 ug/kg. Increase in latency was marked after 
650 ug/kg suggesting a ceiling effect. Amplitude 
changes of the three components N20, Nag, and Nioo 
were not significant when compared to control 
(table). 


Discussion. SEP-latency changes of the late 
Nioo-peak after nalbuphine correlate well with sub- 
jective painfulness (tolerance threshold). Contrary 
to morphine, an opioid purportedly interacting with 
the u-opioid receptor, which suppresses the amplitude 
of the N12p-peak (5), nalbuphine increases latency 
suggesting a different mode of action accompanied by 
a decrease in the velocity of nervous conduction. 
Since late evoked potentials are generated in the 
thalamocortical projections which are also related to 
subjects cognitive activities (4) it is postulated 
that nalbuphine exerts its analgesic activity mainly 
through modulation of impulses running along the 
extralemniscal sensory system. It is responsible for 
the mediation of the timeless, bothering and con- 
flicting feelings associated with pain. In regard to 
dose-efficacy a total of 650 ug/kg of nalbuphine 
seems to present ceiling effects. 


References. 
l. Houde RW.  Analgesic effectiveness of narcotic 
agonist-antagonists. Br J Clin Pharmacol 1979; 
7:2975. 
2. Jasinski DR, Mansky PA. Evaluation of nalbuphine 
for abuse potential. Clin Pharmacol Ther 1981; 
29:576 
3. Gal TJ, Di Fiazo CA, Moscicki JS. Analgesic and 
respiratory depressant activity of nalbuphine. 
Anesthesiology 1982; 57:567 
4. Chapman CR, Colpitts YM, Benedetti C, Butler 5. 
Event-related potential correlates of analgesia; 
comparison of fentanyl, acupuncture and nitrous 
oxide. Pain 1982; 14:327 
5. Buchsbaum MS, Davis GC, Coppola R, Naber D. 
Opiate pharmacology and individual differences. II. 
Somatosensory evoked potentials. Pain 1981; 
10:267 





( n = 20; mean + SEM ) 


ANESTH ANALG 
552 1986;65:51-8170 


ABSTRACTS 


Title: REPRODUCTIVE AND TERATOGENIC EFFECTS OF FENTANYL IN SPRAGUE-DAWLEY RATS 


Authors: 
Affiliation: 


M Fujinaga, M.D., JB Stevenson, A.A., RI Mazze, M.D. 


Department of Anesthesia, Stanford University School of Medicine, Stanford, California 


and Anesthesiology Service, Palo Alto V.A. Medical Center, Palo Alto, California 94304 


Introduction: In the past, we have studied Swiss-Web- 
ster mice and Sprague-Dawley rats to determine if 
halothane, methoyflurane, enflurane, isoflurane and 
nitrous oxide caused adverse reproductive or terato- 
genic effects, 178 our most significant findings were 
that: 1) 75% nitrous oxide in rats led to increased 
fetal wastage and to major and minor developmental 
anomalies; and 2) 0.6% isoflurane in mice, but not in 
rats, resulted in an increased incidence of cleft 
palate. In the present study, we examined the effects 
of three different fentanyl dosages. on reproduction. 
To obtain the highest possible fentanyl plasma levels 
without causing respiratory depression, fentanyl was 
administered continuously using chronically implant- 
ed, osmotic minipumps. 


Methods: 155 virgin female Sprague-Dawley rats were 
randamly divided into 5 groups: 1) control (n-43; 
water in pump); 2) positive control (n=28; retinoic 
acid; 20 mg/kg, p.o. on days 10-12); 3) fentanyl, 
10 ug/kg/day (n=28; low dose); 4) fentanyl, 100 ug/- 
kg/day (n-28; medium dose); 5) fentanyl, 500 ug/kg/- 
day (n-28; high dose). Using general anesthesia, an 
Alzet osmotic minipump with a 15 day drug supply was 
implanted subcutaneously in the back of each rat in 
groups 1,3,4 and 5. Dosage selection was based on 
data from preliminary studies with minipumps in which 
doses greater than 500 ug/kg/day resulted in maternal 
mortality and failure to gain weight. Plasma fenta- 
nyl level at an infusion rate of 500 ug/kg/day is 12 
ng/ml. After two weeks, covering almost three full 
ovarian cycles, the pump was removed and replaced 
with another containing a 29-30 day drug supply. 
Breeding was started the day after pump replacement. 
One untreated male rat was placed with four females, 
nightly, for eight nights. The day sperm were ob- 
served in the vagina was defined as day one of preg- 
nancy, On day 21 of pregnancy, each dam was killed, 
and the uterus was examined to determine the number 
of live and dead fetuses and resorptions. Each fetus 
was weighed and examined externally. Every other fet- 
us was fixed in Bouin's solution, sectioned and ex- 
amined microscopically for visceral abnormalities. 
The remaining fetuses were cleared in KOH and the 
skeletons stained with Alizarin red S and examined 
for abnormalities. Arterial blood gas measurements 
were made in nonpregnant rats from each group. All 
examinations were done without knowledge of the 
treatment groups. Data were analyzed by ANOVA and by 
Student's T test, corrected for multiple analyses, 
when difference were found with ANOVA. FP < 0.05 was 
considered significant. 


Results: 4 of 28 rats in the high dose group died 
within 24 hours after implntation of the first pump. 
No other treatment-related adverse side effects oc- 
curred in the study. Rats in all groups gained simi- 
lar amounts of weight during pregnancy and blood gas 
values were in the normal range. There were no diff- 
erences among the groups in reproductive indicies and 
fetal morphological examinations failed to demon- 
strate any adverse treatment effects (Table). 


Discussions: There are no published reports of the 
reproductive and teratogenic effects of fentanyl. To 
our knowledge, the only other similar study was the 
unpublished, 1966 evaluation by Janssen Pharmaceutica 
carried out for the purpose of FDA submission. In 
this study bolus doses of fentanyl, up to 1250 pg/kg, 
s.c. and 30 mg/kg, i.v.,were administered. In our 
pilot studies, rats administered these fentanyl doses 
developed board-like rigidity and most ceased breath- 
ing and died unless they were stimulated. Blood gas 
values in surviving rats were consistent with severe 
respiratory acidosis. Thus the many deaths observed 
in the Janssen study at high dosages and the decreas- 
ed fertility and increased resorptions probably were 
secondary to the abnormal maternal respiratory physi- 
ologic effects. In the present study, none of the 
fentanyl doses produced adverse repoductive or tera- 
togenic effects. The highest dose, 500 ug/kg/day, was 
associated with a maternal toxic effect within 24 
hours after the first pump was implanted but there 
was no further morbidity or mortality in the study. 
In fact, blood gas values in non-pregnant members of 
all groups were normal and respiratory depression did 
not occur at any dosage in pregnant rats. In sum- 
mary, we evaluated the reproductive and teratogenic 
effects of three doses of fentanyl with the highest 
dose well above that administered patients having 
cardiac surgery. From thís we conclude that fentanyl 
is devoid of adverse reproductive and teratogenic 
side effects. We also conclude that osmotic mini- 
pumps facilitate the study of narcotics as they allow 
delivery of doses that ordinally would not be toler- 
ated without producing adverse respiratory effects. 
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. Table. Reproductive and Morphologic Data 





Pos. Fentanyl dose 

Treatments Cont. Cont. Low Medium High 
Starting no. of dams 43 28 28 28 28 
Overall pregnancy rate ($) 86 64 93 54 75 
No. of dam exam. at C-sec 36 17 25 15 18 
Starting dam weight (g) 215 214 215 215 215 
Weight gain during preg. (g) 130 53* 128 124 131 
No. of corpora lutea 12.8 145.1 13.0 24.5 13.4 
No. of implantations 11.3 11.9 11.7 11.5 . IE.8 
No. of resorptions 0.2  10.0* 0.6 0.2 0.6 
No. of live fetuses/litter 11.1 1.8» 11.1 11,9. 11.2 

& female A4 33 56 50 49 
Live/implantations (%) 98 15* 93 98 92 
Mean fetal weight (g) 4.0 2.9% 4.0 4.0 4.0 
No. of fetuses examined 

External 377 30 277 170 202 

Visceral, 188 15 136 84 102 

Skeletal 189 15 138 86 95 
Abnormalities/litter (%) 

External 2,9 96.9% 1.5 0.0 0.0 

Visceral 17,8 100.0* 22.3 14.6 6.8 

Skeletal 25.8 96.4% 31.2 14.3 19.5 
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Introduction. Many americans are obese; 1 in 5 men 
and 1 in 10 women are 20% overweight.’ They confront 
the anesthesiologist with many problems including the 
choice of optimal ventilatory parameters. Using a 
routine ventilatory regimen? (10 cc/kg, at 10X/minute, 
for 100 cc/kg/min) in the morbidly obese patient 
often leads to hyperventilation and hypocarbia. The 
purposes of this study were to: (1) document the 
magnitude of hypocarbia produced by standard ventila- 
tory settings; and (2) determine if ventilator set- 
tings based on ideal body weight decreased hypocarbia 
without causing hypoxia. 


Methods. Ten morbidly obese patients, without lung 
disease and scheduled for non-thoracic surgery under 
general anesthesia, were studied with institutional 
approval after informed consent was obtained. Body 
mass index, the quotient of weight and height? [BMI = 
kg/m? (a)], was used to determine morbid obesity, 
which was defined as BMI > 30. Rearranging (a) to 
kg = BMI X m*, we calculated lowest obese weight 
(LOW) and ideal body weight (IBW) from respective BMI 
values of 30 and 25. For example: 


A patient with a true body weight (TBW) = [139 kg., 
and a height of 177 cm (1.77 m}, has a BMI = 139/ 
(1.77 m)? = 44.4. 


The corresponding LOW (weight at BMI = 30) is: 30 X 
(1.77 m)? = 94 kg. 


Likewise, IBW (weight at BMI = 25) is: 25 X 
(1.77 m)^ = 78 kg. 


All patients were premedicated with seconal (2 mg/ 
kg IM) in doses not exceeding 200 mg. Arterial blood 
gases on room air were obtained prior to premedica- 
tion. Monitors included an EKG, temperature probe, 
arterial line, neuromuscular blockade monitor, and 
oxygen analyzer. 

Tracheal intubation followed an intravenous induc- 
tion consisting of D-tubocurare (3 mg), thiopental 
(2-3 mg/kg), succinylcholine (1.5 mg/kg), lidocaine 
(100 mg), and fentanyl (1 mcg/kg). Anesthesia was 
maintained with 50% N20/02, and ethrane 1.5~2%. 
Pancuronium (50 mcg/kg) provided relaxation. Tidal 
volume was measured with a Wright's Respirometer and 
vaporizer accuracy was confirmed by gas chromatogra- 
phy. 

All patients were sequentially ventilated (12 cc/kg 
X 8/min) according to TBW, LOW, and IBW. Adequacy of 
ventilation was determined at each setting by measur- 
ing blood gases. The statistical significance of 
differences in PaCO. at each setting were assessed by 
Student's T tests. 


Results. Table 1 shows PaCO2 for each patient at 
three ventilator settings. All ventilator settings 
produced PaCOsos below 40 torr. However, IBW ventila- 
tion produced more normal levels. Mean PaCO2 with 
TBW ventilation was 27.6 + 3.2 torr, compared to 
30.6 + 4.5 torr with LOW (p < 0.005) and 32.8 + 4.6 
torr for IBW (p < 0.001). Oxygen saturation did not 
vary significantly within patients; values between 
patients varied 1.6 - .2%, mean = .79%. 


Graph I depicts the correlation between APaCO2 and 
true BMI with TBW ventilation [APaCO2 = -8.25 + 0.51 
BMI; r = 0.75, (p < 0.01)]. There was no significant 
correlation between PaC0Os; and the patient's actual 
weight [APaCO, = -1.12 + 0.11 TBW; r = 0.53, 

(p > 0.05)]. 


Discussion. Body density and skinfold thickness 
are widely accepted as measures of obesity. Body 
mass index correlates well with the above measures. 
TBW ventilation produced severe, LOW produced less, 
and IBW the least hypocarbia. Hypocarbia induced by 
TBW ventilation correlated much better with BMI than 
with TBW. This indicates that BMI can be used to 
estimate the amount of hyperventilation that will 
result from standard ventilator settings. 

In conclusion, IBW is easily calculated and can be 
used to determine ventilator settings which produce 
near norma] PaCOe values, in the morbidly obese, 
without causing hypoxia. 
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TABLE i 
PalO? (TORR) AY THREE VENTILATOR SETTINGS 
BASED ON DIFFERENT BODY WEIGHTS = 


PT.R TBH LON [BW 
1 25 24 2Ó 
2 27 nS z9 
3 29 31 z4 
4 24 26 26 
5 24 26 io 
b 28 28 29 
7 29 2 33 
8 zi $4 S4 
9 33 37 4Q 

{oO 29 $1 25 

XX8D:27.64535.2 30.544.5 32.B824.6 
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Diagram with the regression line of the correlation between 
&PaCO,(torr) and BMI(kg/m") at TBW ventilation. 
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Introduction. Atracurium besylate and 
vecuronium bromide are two intermediate acting 
non-depolarizing muscle relaxants. Both of these 
muscle relaxants have been reported to be devoid of 
significant cardiovascular side-effects in man, 
when used within the clinical dose range.i»? 
However, other studies have indicated that atracur- 
ium may possess the potential to produce signifi- 
cant cardiovascular side-effects both within and 
above the clinical dose range.? This study was 
undertaken to determine whether or not the use of 
one of these muscle relaxants was advantageous over 
the other, with respect to hemodynamic stability, 
when utilizing equipotent, intubating doses of 
atracurium and vecuronium in cardiac surgical 
patients, 


Methods. Ten patients scheduled for elective 
coronary artery bypass surgery were studied after 
obtaining institutionally approved informed 
consent. All patients received lorazepam (1-2 mg 
PO), morphine (0.1 mg/kg IM) and scopolamine (0.3 - 
0.4 mg IM) two hours prior to the induction of 
anesthesia. Patients were monitored utilizing a 
two-lead electrocardiogram, and a central venous, 
pulmonary artery and radial artery catheter, 
Anesthesia was induced with fentanyl (150 ug IV) 
and lorazepam (4 mg IV). Two minutes following 
induction, control hemodynamic measurements were 
obtained and the muscle relaxant was administered 
as a bolus. Patients were randomly assigned to two 
groups in a double blind fashion. Group I patients 
received Atracurium - 0.5 mg/kg whereas Group II 
patients received Vecuronium 0.12 mg/kg.  Hemo- 
dynamic measurements were then repeated at 2, 5, 
and 10 minutes after the drug. These included 
heart rate (HR), systemic blood pressure (SBP), 
pulmonary artery pressure (PAP), central venous 
pressure (CVP), pulmonary capillary wedge pressure 
(PCWP), and cardiac output (CO). Systemic vascular 
resistance (SVR), pulmon- ary vascular resistance 
(PVR) and stroke volume (SV) were calculated from 
the above data. Analysis of the data was performed 
using Student's t-test for unpaired and paired data 
with significance set at p « 0.05. 


Results. Results for Group I and Group II are 
shown in Tables 1 and 2 respectively. The data 
Shows that, in the Atracurium group, systolic blood 
pressure fell significantly, two minutes following 
bolus injection of the drug; cardiac output was 
significantly increased 5 and 10 minutes following 
the drug; and systemic vascular resistance was 
significantly lower than control at each interval 
of measurement. The vecuronium group (Group II) 
showed no significant change in any of the hemody- 
namic variables measured other than a significant 
decrease in systolic blood pressure 10 minutes 
after administration of the drug. 


Discussion. When caring for the patient with 
cardiac disease, hemodynamic stability is an inte- 
gral and essential goal of any anesthetic manage- 
ment plan. The importance of this stability, in 


regard to patient outcome, has recently been 
emphasized." In this study, equipotent doses, 2.5 
times the EDos for neuromuscular blockade, were 
utilized.5:9""Used within this clinical dose 
range, vecuronium was found to produce fewer 
hemodynamic side effects than atracurium; parti- 
cularly with respect to the lack of a significant 
fall in systemic vascular resistance and reflex 
increase in cardiac output that was seen with 
atracurium, 

From these findings, we conclude that, 
within the above clinical dose range, vecuronium 
offers a distinct advantage over atracurium. This 
is particularly true when cardiovascular stability 
is critical in the anesthetic management of the 
patient with whom we are given charge. 
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TABLE 1: GROUP I - ATRACURIUM (0.5 mg/kg) 


Control 2 min 5 min 10 min 


WR 5543.9" 61.485.7 56.845.3 56.8:6.1 
(beats/min) x 

SBP 136.0:8.4  120.6513.7 134,8:16.1 140.838.8 
(systolic/mnHiq) 

DBP 66.615.5 58.8:8.7 6£0.815.3 65.615.22 
(diastolic/mmHg) m p 

C.0. oe 4,834.47 4,.83+.37 5.272,50 
liters/min * * * 

M 1606130 12508235" 12954146 12975190 
(dynes-sec cm ™) 

PCWP 13.422.8 11.021.38  12.241.8 11.241.6 


(mmHg } 
+ = means + »~nmes * p < 0.05 from contro! 


TABLE 2: GROUP 2 - VECURONIUM (0.12 mg/kg) 


Control 2 min 5 min 10 min 
HR 56.0s2.6* —57.6:2.0 56.044.2 55.224.2 
(beats/min) * 
SBP 144.2:9.3  128.8:7.1  129.0:6.6  123.429.3 


{systolic/mmig) 
DBP 68.645.0 62.0£3.2 62.222.6 61.2:2.9 
(diastolic/mmHg) 
C.0. 4,751.42 4,841.54 4.715.55 4,632.63 


(liters/min) 

SVR 1406+165 1270+13} 13344164 13493385 
(dynes-sec cm ") 

PCWP 13.2«1.3 15.0+1.4 13.021.98  12.442.0 
{mmHg} 

+= means + SE, nan = 5 * p < 0,05 from control 
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Introduction: Nalbuphine (Nubain?) is an agonist- 
antagonist agent with an analgetic duration of 
approximately 3-4 hours. We hypothesized that a 
loading dose as the narcotic component of balanced 
anesthesia in day surgery (DSU) patients would 
confer effective analgesia throughout the recovery 
period. Fentanyl, on the other hand, is a short- 
acting narcotic which often must be given repeatedly 
in the postoperative period, increasing the risks of 
cumulation and respiratory depression. We also 
wanted to determine whether nalbuphine has a greater 
propensity than fentanyl to induce threatening 
psychologic side-effects in unpremedicated patients. 


Methods: We compared drug dosages, length-of-stay 
(LOS) and incidence of psychologic side-effects of 
the two narcotics in a randomized, double-blinded 
study using  unpremedicated female DSU patients 
having diagnostic laparoscopy. Institutional 
approval was obtained and informed consent furnished 
to all patients. They received either fentanyl, 1.5 
uG/kg (F group; N = 142), low-dose nalbuphine, 300 
uG/kg (LN group; N = 103), or high-dose nalbuphine, 
500 uG/kg (HN group; N = 41), as initial I.V. 
‘loading-dose components cf balanced anesthesia 
consisting of thiopental, N40, 0,, and a succinyl- 
choline infusion prn. Additional  I.V.  intra- 
operative and I.M. postoperative narcotic doses, if 
needed, were 150 uG/kg for both nalbuphine groups 
and 0.75 uG/kg for the fentanyl group. All patients 
were given the Nowliss and Nowliss Mood-Adjective 
Checklist 1 - 2 days preoperatively, and again upon 
discharge from the DSU. Their clinical course was 
followed at 20 minute intervals in the recovery room 
(RR) and DSU by trained, blinded observers. An 
open-ended interview upon discharge from the DSU 
enabled classification and quantitation of patients! 
subjective reactions. 


Results: 


l. Dosing Frequencies: There were no significant 
differences in the mean number of intraoperative 
top-up and postoperative doses given among the LN, 
HN, and F groups. This indicates that the blinded 
anesthetists and RR nurses, despite the fact that 
they had control over the number and frequency of 
repeat dosing, nonetheless treated the 3 groups 
identically. 


2. Postoperative Global Analgetic Efficacy Ratings: 
Immediately prior to discharge from the DSU, 
patients were asked to give a global assessment of 
their overall postoperative analgesia as "poor, 
fair, good, or excellent." These self-ratings were 


"good" or "excellent" in 83.6% of all the cases 
(N=275), with no significant differences among the 3 
groups. 


3.  Length-of-Stay: There were no differences in 
duration of surgery among the 3 groups (mean = 44.8 
+ 1.4 min). Time from entry into the Recovery room 
to removal of the I.V. was 231.2 + 8.4 min for F, 
279.7 + 10.6 min for LN, and 276.8 + 29 min for HN 
(p<0.05), indicating a significantly longer recovery 
phase for both nalbuphine groups. 


4. Anxiety: There were no preoperative differences 
in anxiety scores among the 3 drug groups.  Post- 
operatively, the HN group had a significantly higher 
score, (p<.05), indicating a higher degree of 
anxiety at time of discharge from the DSU than the 
other 2 groups. 


3. Dreaming: The overall incidence of dreaming 
during anesthesia was 25% in the F group, 46% in the 
LN group, and 57.5% in the HN group (p<.001). The. 
incidence of unpleasant dreams among those in each 
group who dreamed was: F = 5%; LN = 35%; HN = 39%. 
Thus, nalbuphine patients had significantly higher 
incidences both of dreaming per se during surgery 
and of unpleasant dreams than did fentanyl patients. 


6. Drowsiness and Sluggishness: On discharge from 
the DSU, both the LN and HN groups had higher scores 
for drowsiness, sluggishness and need to concentrate 
to maintain alertness than did the F group (p<.001). 


7. Satisfaction with Anesthesia: When asked what 
they wanted done differently next time, only 5% of 
all patients studied referred to aspects of their 
anesthesia. There were no sipnificant differences 
among drug groups. No patient specifically 
requested that a different narcotic or different 
form of anesthesia be used. 


Conclusion: We conclude that the regimens using 


both initial doses of nalbuphine clinically resemble 
fentanyl judging by intraoperative and postoperative 
dosing frequencies and the patients' self-ratings of 
their overall postoperative analgesia. LOS and 
postoperative sluggishness, however, are increased 
with nalbuphine, a disadvantage in the DSU. The 
incidences of psychologic side-effects, including 
dreaming per se, unpleasant dreams and postoperative 
anxiety, are all higher with nalbuphine and may be 
dose-related. However, patient acceptance of the 
drug was high and not significantly different from 
fentanyl, implying that these effects are not 
threatening to patients. 
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Introduction 


Nuclear magnetic resonance imaging (NMRI) is 
being used with increasing frequency to assess 
pathological changes in tissues. Most animal 
experiments and many patients will require anesthesia 
or sedation during such studies. The effects of these 
drugs on NMRI have not been previously reported. As 
the images are based predominately on the two water 
proton relaxation times T4 and T2, we have evaluated 
the in vitro proton NMR relaxation times (T; and Tz) 
of the tissues of rats anesthetized or sedated with 
commoniy used drugs. 


Methods 


Twenty seven healthy unpremedicated female 
Sprague-Dawley rats were studied. Three animals 
received each drug. 1. Sedative doses of diazepam, 
lorazepam and flurazepam were used. 2. Intravenous 
anesthetics studied were pentobarbital and Innovar. In 
. both groups, the animals were sacrificed one hour 
after drug administration. 3. The inhalational 
anesthetics used were 1.1 MAC of halothane, 
enflurane and isoflurane vaporized in air/oxygen. They 
were anesthetized for one and a half hours before 
sacrifice. A control group received no medication. All 
animals were sacrificed by cervical dislocation. The 
tissues were promptly dissected and handled 
according to published guidelines.‘ Heart, lungs, 
brain, liver, kidneys, spleen, muscle and uterus were 
examined. 

The proton T; and T; values were measured on a 
Praxis || proton NMR (Praxis Corp, Texas) at 10.7 
MHz by saturation recovery and spin echo sequences 
respectively. Statistical analysis comparing the treated 
animal with controls was performed by ANOVA with 
Dunnett's test and p<0.05 was considered 
significant. 


Results 


All statistically significant changes are indicated 
on the table. 


Table 


DRUG ABNORMAL T1 and/or Tz 


Innovar Liverf 
Pentobarbital o 
Halothane Musclet Spleent 


Enflurane Musclef Spleent 


Isoflurane O 

Diazepam Lungt Spleeni 
Flurazepam Lungi Spleeni 
Lorazepam Lungi Spleen! 


QO = no change in any tissue 
fT e increased T, or Tz 
i = decreased T, or T; 





Conclusions 


1. Except pentobarbital and isoflurane, anesthetics 
and sedatives produce statistically significant changes 
in the water proton relaxation times. The effects are 
tissue and drug specific and must be taken into 
consideration in studies utilizing in vitro NMRI. Similar 
effects could be anticipated with in vivo NMRI but 
confirmation is required. 2. Changes in tissue 
hydration or water compartmentation are likely 
responsible for the changes in T, and T2. The absence 
of a measureable effect of any of these drugs on 
brain relaxation times suggests that the mechanism of 
anesthesia is not associated with major changes in 
brain water distribution. 
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Introduction. Acute renal failure (ARF) after 
cardiac operations is usually attributed to severe 
peri-op cardiovascular failure or to toxic insults 
to the kidney (1,2). Such associations are 
occasionally not present. This survey was 
undertaken to examine, from a computerized patient 
registry, the characteristics and outcome of 
patients (pts) requiring dialysis after 
cardiopulmonary bypass, and to identify factors 
leading to ARF in these subjects. 


Methods. 2468 subjects undergoing open heart 
surgery between Jan. — Nov. 1984 formed the study 
population. Only pts requiring post-op dialysis 
were included in the ARF category; those with lesser 
degrees of post-op renal dysfunction not needing 
dialysis, and those on dialysis before operation 
were excluded. Pts with baseline serum creatinine 
(Cr) > 1.6 mg/dl were defined as having pre-op renal 
dysfunction. Those requiring intra-aortic balloons, 
or pharmacologic hemodynamic support in the ICU for 
at least 7 days, were defined as having “severe 
hemodynamic failure". 

Comparisons, by t-test or x? test, between pts 
who did aud did not require dialysis were made for 
the following factors which may influence the 
development of peri-op ARF: age; pre-op Cr; 
angiographic LV function; hypertension; diabetes; 
pre-op hemodynamics; surgical, CP-bypass and 
aortic-crossclamp times; peri-op urine output; 
post-op arrest or shock; and "severe hemodynamic 
failure" as defined above. Statistical significance 
was set at P < 0.05. 


Results. From 2468 pts, 29 (1.2%) developed 
ARF in the first week after operation, and were 
dialysed. Of these, 9 (32%) had stable peri-op 
hemodynamics. 484 were ou dopamine during 
operation.  Nephrotoxic drugs were not used in any 
patient before the onset of ARF. 

48 of the 2468 pts had pre-existing renal 
dysfunction, of whom 10 (212) required dialysis 
after operation. This was significantly higher (P < 
0.001) than the incidence of dialysis in pts with 
pre-op normal kidney function (19/2428 pts; 0.84%). 
Comparison in this group (48 pts) between those who 
did and did not need dialysis showed that “severe 
hemodynamic failure," as defined above, was more 
common in those who were dialyzed (70% vs 135, P < 
0.001). None of the other factors identified in 
"Methods" differed significantly between these 
groups; however, hypertension and diabetes were more 
frequent in pts needing dialysis than in those who 
did not (80% vs 58%, and 30% vs 15% respectively, P 
» 0.05). 

Pts with normal kidneys pre-op (n=19) and those 
with pre-op renal dysfunction (n=10) showed similar 
patterns with ARF. Cr increased, on average, 2.9 
days post-op, reaching a maximum at 10.7 days. 


Extracorporeal renal support was started on the 6th 
day, and continued for ‘a mean of 9.5 days. 834 of 
pts were oliguric; mortality was 61%, 

8 additional pts developed late ARF after 
multi-organ failure. In this group, Cr increased, 
on average, at 18 days postop and peaked at 30 
days. The majority of these pts (63%) were 
non~oliguric. Dialysis was started, on average, on 
the 23rd day. Mortality was 754, attributable to 
multi-organ failure. In these 8 pts, peri~op 
hemodynamic failure was of comparable severity to 
those who had early ARF, yet early ARF did not 
occur, In fact, renal function was preserved while 
other orgaus were failing. 

53 pts from the registry were identified as 
having "severe hemodynamic failure", of which 21 
(402) received intra-aortic balloon support, and the 
rest need pharmacologic support for at least 7 days. 
9 (172) had multiple cardiac arrests, and in 10 
(19%) the chest could not be closed at operation 
because of poor hemodynamics. Of these 58 pts, only 
20 (38%) developed early ARF. 


Discussion. The present survey done in a large 
population shows that, contrary to previous reports 
(1,2), ARF after open heart surgery occurs in the 
absence of severe cardiovascular failure or toxic 
insults to the kidney, in a surprisingly large 
percent of patients. Even with "severe hemodynamic 
failure," as defined above, only 38% developed 
post-op ARF, and in these pts, it was not possible 
to predict, by comparing factors outlined in 
"Methods," who would develop ARF. Further, 31% of 
pts who did have early ARF showed stable peri~op 
hemodynamics with no identifiable insults to the 
kidneys. A cause for ARF in these pts was not 
found. 

The observation that the incidence of post-op 
ARF is 26 times higher in pts with pre-existing 
renal dysfunction is important, though not 
unexpected. In this group with pre-op renal 
dysfunction, an association between post-op dialysis 
and peri-op cardiovascular compromise was more 
certain: 704 of those who had peri-op "severe 
hemodynamic compromise" showed worsening of renal 
function post-op requiring dialysis. 

Our overall incidence of ARF is comparable with 
previous reports (2). Two patterns of ARF emerged: 
an early type ARF which was predominantly oliguric, 
evolving within days of operation, and late, 
non~oliguric ARF occuring a few weeks after surgery 
as a terminal event in pts with multi-organ failure. 
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Introduction: Anatomic and physiologic consider- 


ations usually mandate tracheal intubation for anes- 


thesia in young infants. Most authorities advocate 
awake intubation for neonates. In some cases there 
are compelling indications for this practice in- 
cluding concern for possible undiagnosed airway 
anomalies and the risk of aspiration. However, awake 
intubation in a vigorous struggling infant may result 
in soft tissue trauma, hypertension, breath-holding, 
laryngospasm, hypoxemia, and bradycardia. No pub- 
lished studies examine the changes in arterial oxy- 
genation between intubations performed in awake 
(AWAKE) vs. paralyzed (PARALYZED) young infants. A 
noninvasive device (1) which measures continuous 
oxygen saturation (Nellcor Pulse Oximetyer Model 
N100) enabled us to monitor arterial oxygen sat- 
uration during intubation. 


Methods: With the approval of our Human Subjects 


Committee, we studied 58 intubations performed in 38 


infants under the age of 4 months undergoing elective 
tracheal intubation. The child's anesthesiologist 
selected the method of intubation without influence 
from the ad AE A modified laryngoscope 
blade-the 'Oxyscope (2)-was used to insufflate oxy- 
gen during awake intubation at the personal pre- 
ference of the anesthetist. Anesthesia residents in 
training initially attempted all but 2 intubations. 
We noted the number of successful intubations on 
first trial (£ success lst try), the number of trials 
per patients (trys/pt.), the difference between the 
pre-intubation 0» Saturation and the lowest sat- 
uration reached during intubation (Drop O2Sat), and 
the incidence of 05Sat below 85% which corresponds to 
a PaQo of approximately 40 mmHg if a normal hemo- 
globin saturation curve for a neonate is assumed. 


Results 


TABLE 1 - OXYGEN SATURATION DURING INTUBATION 


Group 1 Group 2 (Group 1+2) Group 3 
AWAKE AWAKE All AWAKE PARALYZED 
# pts. 11 7 (18) 20 
# trials 24 10 (34) 24 
# success 
lst try 5/11 5/7 10/18 17/20 
trys/pt. 2.2 1.4 1.9 Lie 
Drop OoSat 
median -13 -16 -13 -4 
OpSat 85% 13/24 7/10 20/34 3/24 
MN 
D Es 


When we examined the data, we found that our anes- 
thesiologiolists were more likely to choose PARALYZED 
intubation in the larger and older infants. We 
therefore selected a subset of age and weight matched 
newborn infants done with AWAKE and PARALYZED tech- 
niques to examine whether this bias affected the 
results. 


IABLE 2 - NEWBORNS ONLY-OXIMETRY DURING INTUBATION 


Group 1 Group 2 (Group 1*2) Group 3 
AWAKE AWAKE ALL AWAKE PARALYZED 
Oxyscope Room air 
# pts. 9 6 (15) 9 
3 trials 16 / (23) 10 
Drop OaSat -13 -24 -16 ~6 
OoSat 85% 8/16 6/7 14/23 2/10 


The difference observed in Drop 025at between AWAKE 


and PARALYZED intubation remained significant (p .02, 
Wilcoxon's rank sum test) even in this lower age group 
of babies. 


Complications (number of patients) included endo- 
bronchial intubation (1), esophageal intubation (1,S- 
a0o=29%), T-wave inversion associated with a low sat- 
uration (1,5a02-25X) and airway trauma with bleeding 
and stridor (1) in babies undergoing AWAKE intubation. 
One infant in the PARALYZED group with Trisomy 18 and 
a full stomach could not be mask ventilated between 
intubation attempts (Sa09=78%). No bradycardia or 
laryngospasm was observed in either group. 


Conclusions: In this series, tracheal intubation in 


the presence of anesthesia and neuromuscular blockade 


minimized the degree of arterial hypoxemia when elect- 
ive intubation was required. Not only did oxygen 
saturation drop more with each AWAKE than with PARA- 
LYZED intubation, which compounded the exposure of the 
infant to hypoxemia. Our results may reflect a 
relative unfamiliarity with infant anatomy found in 
anesthesia residents in training. The findings may be 
different with more experienced laryngoscopists. Fur- 
ther study is needed to resolve this possibility. 


1. Yelderman M, New W: Evaluation of Pulse Oximetry, 
Anesthesiology 59: 349-351,1983. 

2. Todres ID, Crone RK: Experience with a modified 
laryngoscope in sick infants. CCM 9:544, 1981. 
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Introduction. The time to antagonize a very However, adequacy of reversal is a clinical 
deep (290%) non-depolarizing neuromuscular block- judgement requiring assessment of ventilation and 
ade can be prolonged’. Too great a dose of anti- muscular strength. In patients where such an 
cholinesterase may potentiate rather than antago- assessment is not possible a T4/T1l ratio of 0.75 
nize such a block’. This study determines the is a reasonable end point'. Although with the 
optimal dose and timing required for Neostigmine higher dose of Neo there was a tendency towards 
(Neo) and Glycopyrrolate (Gly) to reverse a very less fade, none of the doses consistently achieved 
deep pancuronium-induced neuromuscular blockade. a TA/Tl ratio of 0.75 within 30 minutes.  There- 

fore whatever the dose of antagonist, adequate 

Methods. 27 ASA I-II surgical patients ages clinical recovery is prolonged, often beyond 30 
19 to 59 years gave informed consent. After pre- minutes, when antagonism of deep block by long 
medication with Diazepam and Morphine, anesthesia acting non-depolarizers, such as Pancuronium is 
was induced with Thiopental and maintained with attempted. 

N,0: (662) and narcotics. Ventilation was con- 

trolled to maintain end tidal CO, of 30 to 4OmmHg. References. 

Neuromuscular function was monitored by measuring 

evoked thumb adduction in response to supramaximal l. Katz RL: Clinical neuromuscular pharmacology 
ulnar nerve stimulation of 0.2msec duration at 2HZ of Pancuronium.  Ánesthesiology 1971; 34:550- 
for 2 seconds every lO0sec. After stabilization 556. 

of twitch heights, Pancuronium was administered 2. Payne JP, Hughes R, Al Azawi §: Neuromuscular 
and increments given to obtain approximately 95% blockade by neostigmine in anesthetized man. Br 
inhibition of Tl at the time of reversal.  Anta- J Anesth 1980; 52:69-75. 

gonism was with a fixed ratio combination of Neo 3. Ali HH, Kitz RJ: Evaluation of recovery from 
and Gly (1ml=Neo Img and Gly 0.2mg), given over 1 non-depolarizing neuromuscular block, using a 
minute, Patients were randomly allocated to re- digital neuromuscular transmission analyzer: 
ceive Neo with Gly, 30ug/Kg with 6ug/Kg (low Preliminary report.  Anesth and Analg 1973; 2: 
dose), or 60ug/Kg with 12ug/Kg (medium dose), or 740-44, 


80ug/Kg with 164ug/Kg (high dose). Neuromuscular 
monitoring was continued for at least 30 minutes 


in 24 of 27 patients. If a T4/T1 ratio of 0.75 Dose Neo/Gly (ug/Kg) 

had not been achieved by this time patients were 30/6 (Low) 60/12. (Hed) 80/16 (High) 
1 i eee tag ea NOW Pg OV Le AECL EEL ABE BOY E 

assessed clinically and given increments of anta- n 9 g 9 


gonist as necessary. Results were compared by 





analysis of variance and student's t-test where 4 AERE TIAE ote ee 
appropriate, neĝ : y 
95% recovery 22,020.88 —— 15,7522.5 14.852,4 
Results. Data is summarized in the table. SE TL Odin) nee 
The 3 patients not monitored for 30 minutes T4/T1 at 95% 0.520.064 0.6120.03 0.5920.04 
achieved T4/Tl ratios as follows: 0.57 at 11.5 ERITIAIIO IRE T—————— —— € 
mins. (medium dose), and 0.54 at 17 mins., and T4/T1 «0.75 (min) 19.9(n=3) 18.8{(n=3) 20.7(n=3) 
0.65 at 15 mins. (high dose). 230 (n-6) 230 (n«5) 230 (n-4) — . 
B 
T4/T1 i i ; 
Discussion. The results demonstrate that an ASAE ANA TS SERA Vene 
extended time is required to antagonize a deep xx x 
Pancuronium neuromuscular block. The higher doses er ares 16.321.1 5.720.8 5.621.1 
of Neo, (60ug/Kg and 80yug/Kg), produce signifi- 
cantly faster recovery of T1 than low dose, (30 Recovery indices for 3 doses of Neo (MeantSE) 
ug/Kg). Neo, 60ug/Kg, produces an equivalent kdadert EE 
degree of antagonism as dp end as 80ug/Kg, and D T4/Tl at 30 min in patients who had not achieved T4/Tl of 0.75. 
may represent the optimal dose to antagonize th * 0.01 <p «0.05 Pe 
pde qo blockade j E s kk 5 «001 compared with Neo 30ug/Kg 
nc cR 
a Rs 
; t want T tdi 
f p Pad af 
a aa \ 
+ i p" * E 
MEE E 
PEE n on ae do 
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Beta (B) blockade in dogs prolongs and augments 
the increase in plasma K after Succinylchgline 
(Sch) . This is thought to be a fg, effect’. 
This study used Metoprolol (8.), and ICI 118551 
(55) as selective B blockers to examine this 
hypothesis. 


Methods,  Mongrel dogs were anesthetized with 
Thiopental and Halothane in oxygen. Arterial and 
venous lines were placed and normocapnia and nor- 
mothermia maintained. After stable anesthesia was 
established, 0.9% NaCl (3mls/Kg/hr) was infused. 
Sch (lmg/Kg) was given 30 minutes later. Arterial 
blood was drawn into pre-heparinized syringes, 
placed on ice, and analyzed for plasma K with an 
ion selective electrode (Nova 1) at the following 
times relative to the Sch: -5 mins (duplicates), 
*1,453,45,210,415,430,460, and +90 mins. The res- 
ponse to Sch was noted during saline infusion 
(n8), Metoprolol (n-6) 0.25mg/Kg over 10 minutes 
followed by lug/Kg/min, or ICI 118551 (n=6) 100 
ug/Kg over 10 minutes. Both g blockers were 
started 30 mins before administration of Sch. 
Significance of the change in plasma K was com- 
pared vithin groups, (baseline versus change with 
Sch), and between treatments, and control groups, 
with ANOVA and Bonferroni t-tests. 


Results. Data is summarized in the table. 
There was no significant difference in the base- 
iine (-5 minutes) values of K between the groups. 
In all groups K increased significantly by 3 
minutes after Sch. and persisted for 30 minutes 
in controls and 60 minutes in 8 blocked animals. 
In controls the peak was at 3 minutes and in 
blocked dogs at 30 minutes. The time course of 
the change in K was altered by both 8 blockers 
(p<0.01), but only at 60 minutes were single 
values of K different from control. Metoprolol 
and ICI 118551 groups showed no difference from 
each other in the change of K with time. 


Discussion. Other investigators! have found 

Bendtutinttattetun cmd zz 
Propanolo] increases and prolongs the rise in K 
after Sch . Although By blockade compared to 84 


ABSTRACTS 


EFFECT IN DOGS OF SELECTIVE BETA BLOCKADE O4 POTASSIUM RELEASE AFTER SUCCINYLCHOLINE 
DR Goldhill, M.B.B.S., JAJ Martyn, M.D., EM Kim, B.S., and DC Hoaglin, Ph.D. 
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selectively impairs the extrarenal uptake of k^? 
we found no difference in the K response to Sch 
in the Metoprolol and ICI 118551 groups. Thus 
we could not confirm a selective 8, effect on 
K reuptake following Sch. In the doses used, 
both 8, and B blockade in dogs affects the pat- 
tern of releaSe of K after Sch and delays the 
return to pre-Sch levels. 


Acknowledgements. We are grateful to ICI 
for supply of ICI 118551. 
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Mean change (tSEM) in plasma K“ after Sch. 

Time Controls Metoprolol ICI 118551 

+1 40.4120.05^ 40.2420.08 40.2420.09 

43 40.7920. 13^ 40.4920. 11^ «0.4920.10* 
+5 +0.7720.10f  +0,45+0.104 40.46:0.08^ 
+10 40.6340.09*  +0.5020. 104 +0. 4840.06" 
415 40.70:0.11* ——— 30.6550. 12? 40.6750.09* 
+30 «0.6450. 19^ «0,9820, 20? 40.8230,08^ 
+60 40.0750. 14 #0.5740.17498 —— 40.4840. 07 P 
«90 -0.18*0.07 40.0950.11 +0.0840,05 





* Baseline absolute values, mean of duplicate results 
A Significantly different from baseline p*0.01 
B Significantly different from control p<9.01 
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INTRODUCTION: Several nondepolarizing muscle 
relaxants have a tendency to release histamine. 
This is usually manifested as a rash and transient 
hypotension. These clinical signs and symptoms of 
histamine release are rarely seen in children. t2 
This study was designed to evaluate the histamine 
releasing potential of equipotent large doses of 
atracurium and vecuronium by determining the plasma 
histamine levels, 


METHODS: Twenty children (ASA I} 1-10 y were 
studied, The protocol was approved by our 
institutional review board and parental written 
consent was obtained. Premedication consisted of 
rectal methohexital (25 mg/kg) in children less than 
7 years; older children did not receive any premedi- 
cation, Anesthesia was induced by N,0:09 and 
halothane via a face mask, and maintained at 1-1,5% 
inspired halothane concentration. The heart rate, 
blood pressure, EKG and temperature were monitored 
in all patients,  Neuromuscular transmission was 
evaluated by recording the force of contraction of 
the adductor of the thumb in response to supra- 
maximal stimulation of the ulnar nerve at 0.15 Hz, 

Once the children were anesthetized, an 
intravenous blood sample (control) was obtained. A 
bolus dose of atracurium, 0.6 mg/kg, or vecuronium, 
0.12 mg/kg, was randomly administered. Two and 5 
mins after the relaxant was administered, blood 
samples were obtained.  Endotracheal intubation 
was performed after the second (2 min) sample was 
drawn. The blood samples were collected in dry 
heparinized syringes, placed immediately on ice, 
cold centrifugation performed and the plasma 
separated and frozen. The samples were analyzed 
by radioenzymatic assay for histamine sensitive to 
25 pg/ml.? 


RESULTS: The results (meantSE) of the study 
are summarized in Table 1, 





Atracurium Vecuronium 
0.6 mg/kg 0.12 mg/kg 


Age (years) h.640.9 ` 5.40.9 
Weight (kg) 19.9*2.6 21.142 
Time to 100% depression 

of twitch (min) 1.9«40.2 ` 2.240.h 


Recovery of twitch to 
5% of control (min) 


38.6+2.7° — 21.141.6"* 
Histamine level (pg/ml) 


Control meantSE 7944126 567+62 
range ( 451-1834) (1487832) 
2 min mean+SE 1780+956 570+105 
range ( 4112-10,250) (110-1128) 
5 min meantSE 9814255 551491 
( 465-2,755) (185-1302) 
*P«0,001 


In the two groups of children studied there 
was no significant difference in the mean plasma 
histamine levels between the control plasma samples 
and the samples withdrawn 2 and 5 min after the 
administration of atracurium or vecuronium. 
However, in the group that received atracurium two 
children showed a marked change in serum histamine 
levels. One was a seven year old girl with normal 
control blood histamine levels (567 pg/ml), whose 
histamine levels quadrupled after atracurium. This 
child did not show any change in vital signs. The 
other was an 8 year boy who had an abnormal control 
histamine level, 1834 pg/ml, which increased to 
10,250 pg/ml 2 min after the atracurium and 
decreased to his control level within 5 min. The 
BP of this child dropped from 80 mmHg systolic to 
70 mmHg with no change in pulse rate and no rash 
was noted, This child had a history of mild but 
frequent allergic symptoms (rhinitis). At the time 
of surgery he had no such symptoms and was not on 
any medication. In the remaining 8 patients there 
was practically no change in plasma histamine level 
(control 693460, 2 min:668+75, 5 min:606+41 pg/ml). 

In the group receiving vecuronium none of the 
patients showed a significant increase in serum 
histamine levels. 


DISCUSSION: In the present study vecuronium 
0.12 mg/kg proved to be shorter acting than atra- 
curium 0.6 mg/kg (Table 1). These doses are 
approximately equipotent. 

A previous study in adults demonstrated a mean 
Significant increase, about 100%, in histamine 
levels upon the administration of a 0.6 mg/kg bolus 
dose of atracurium. In this study of children the 
increase in histamine concentration was not present 
in 8 patients. However, 2 of the 10 patients 
receiving atracurium demonstrated a marked increase 
in histamine levels without any significant changes 
in cardiovascular parameters or presence of rash; 
this is contrary to previous experiences in adults 
where most of the patients who showed an increase in 
histamine levels had cardiovascular manifestations.” 

It seems that children have a tendency to 
release less histamine than adults after the 
administration of atracurium but some still do. 
Consequently if histamine release would be deleter- 
ious to children than vecuronium would be a better 
choice. 
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Introduction. It has been well documented 
that arterial 02 desaturation develops in the early 
postoperative period and lasts for several hours if 
not days. ('? It is a common rule in most recovery 
rooms (PAR) to administer supplemental 02 in the 
immediate postoperative period because of the high 
incidence of hypoxia in patients in this setting.3,4 
Whether or not to use supplemental O2 when 
transporting patients to the PAR from the operating 
room (OR) is less clear since no data are available. 
We attempted to determine whether there is 
significant 02 desaturation during the transit 
period from the OR table to the PAR and to 
determine the effects of supplemental 02 given 
during this period. 

Methods. Out study proposal was approved by 
our institution's Human Research Committee. The 
patient population consisted of 37 adult patients 
scheduled for elective surgery lasting 45 minutes 
or longer. The operative procedures were varied but 
no upper abdominal or chest surgery were included. 
Patients received general anesthesia with various 
agents which included N20 in all but one patient. 
All received at least 3 minutes (mean 5 min.) of 
100% oxygen breathing via a circle absorption system 
with a 6 l/min 02 inflow rate at the end of 
anesthesia prior to moving from the OR table to the 
transport stretcher. 

We measured 02 saturation with an oximeter 
(Biox(B) IV) using either ear or finger probes at 
the following times:  preoperatively after pre- 
medication while breathing room air; intra- 
operatively during the last 10 minutes of 
anesthesia; and postoperatively at O (after moved to 
stretcher), 2, and 4 minutes during transit; and 5 
and 10 minutes after arrival in the PAR. The 
patients were randomly assigned to "control" (air 
breathing with no supplemental oxygen during 
transport) or "study" (supplemental oxygen) groups 
based on the last digit of the hospital number: 
odd-control, even-study. In the study group, 
supplemental oxygen delivered by a '"venti-mask" at 
5 l/min 02 inflow was started just before the 
patients were transferred from the OR table to their 
stretchers and continued during transport to the PAR. 
Upon arrival in the PAR all patients received 
supplemental 02 via a "venti-mask" at flow rates of 
5 l/min or more as per our usual departmental 
practice. Data collected included age, ASA 
classification, type of surgery, anesthetics used, 
and oxygen saturation measurements. The results 
were compared using Student's t-test, and linear 
regression where applicable. p €&0.05 was accepted 
as significant. 

Results. Out of 20 "control" patients entering 
the study 18 finished the study with 1 eliminated for 
equipment malfunction and 1 because of intraoperative 
complications. Out of 20 patients entering the study 
in the supplemental 02 group, 19 finished the study 
with 1 patient being eliminated for equipment mai- 
function. Patient age, ASA classification and preop- 
erative value for both groups were similar (Table). 
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AGE (yrs) ASA ASA PREOP SaO, (X) 
GROUP X + sem I-II III-IV X + sem 
P ———————————— M —— 
Control 
N=18 49 + 4.0 12 6 95.4 + .48 
Study 
N=19 46 + 3.9 12 7 96.4 + .53 


In the control group (without supplemental 02) there 
was a significant decrease in 02 saturation at 2 and 
4 minutes postoperatively which returned to 
preoperative levels when 02 was given in the PAR 
(Figure). In the study group there was no 
significant decrease in 02 saturation. Patient age 
correlated significantly with desaturation (r=0.59, 
p 0.01). Length and type of surgery, and ASA 
classification did not significantly affect the 
results. 
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Discussion. Our data show that in relatively 
healthy ASA I-II as well as ASA III-IV patients 
there is 02 desaturation which is sígnificant as 
early as 2 min postoperatively. Supplemental 02 
during the transit period prevents this 
desaturation. In view of the desaturation which 
occurs postoperatively even in healthy patients we 
believe consideration should be given to routine 02 
administration during transit from the OR to the 
PAR, especially in the elderly patient and if the 
transport period is not assuredly brief. 
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Introduction. Neonatal hemorrhagic diathesis is 
attributed to platelet dysfunction. Neonatal (N) pla- 
telet cell membranes do not have the same cell 
membrane characteristics as the maternal (M) ones do. 
Local anesthetics are known to inhibit platelet func- 
tion. Currently, no data are available to show whether 
local anesthetics used in obstetrical anesthesia 
affect M and N platelets differently, and, if so, at 
what concentrations. This study assesses the effects 
of bupivacaine (B), lidocaine (L) and 2-chloroprocaine 
(2-CP) on the aggregation and o-granule release 
action of M and N platelets. 

Methods. The protocol was approved by the loca] 
review board. Informed consent was obtained. M blood 
was obtained from the antecubital vein of term 
pregnant patients. N blood was collected from the pla- 


4 


centa at delivery. Platelet Aggregation Studies: 


Sodium citrate was the anticoagulant. Platelet rich 
plasma (PRP) was prepared by spinning blocd at 200 g 
for 5 min, and platelet poor plasma by spinning blood 
at 4000 g for 20 min. Platelet count of the PRP was 
250,000+20,000 (1 SD). Adenosine diphosphate (ADP), 
epinephrine (Epi) or collagen (Coll) was the aggre- 
gant (Dade cluster reagents}. Aggregation was per- 
formed 30 min after the addition of 1,10,100,500 or 
1000 ug/ml of B,L or 2-CP. Each experiment included a 
saline control (n=8-for each aggregant at each 
concentration). Alpha granule release action 

occurring spontaneously in vitro was studied by 
measuring -thromboglobulin (/9-TG) by radioimmunoassay 
using the Amersham kit. Circulating /$-TG level was 
also measured in the presence of a special anticoagu- 
lant containing procaine which inhibits @-TG release 
after blood is collected. Drugs were dissolved in EDTA 
solution at the same concentrations (n=5 for each 
concentration). Each experiment included a control. 
Blood was collected in precooled tubes. Ali test tubes 
were held at 00C for 30 min before centrifugation. 
Samples for circulating-TG level measurements were 
centrifuged at 00C. Control samples and samples con- 
taining local anesthetics were centrifuged at 20°C. 
The assay was performed on the plasma collected from 
the middle portion of the supernatant. In addition, 
venous blood from 5 nonpregnant subjects was also 
studied. In all samples presence of free hemoglobin 
was studied using a spectrophotometer. Percent inhibi- 
tion was calculated for each concentration with 
respect to control. Results were analyzed using t 
test. p¢€0.05 was considered significant. 

Results. Aggregation: Out of 24 N samples, only 
six aggregated with Epi but all N samples responded to 
ADP and Coll. No aggregant was affected significantly 
by any of the anesthetics at 1 and 10 ug/ml. At 100 ug 
concentration only B inhibited ADP 13+2%(1 SE) and Epi 
7445€. Coll was not affected. At 1000 ug/ml, all 
anesthetics inhibited all aggregants significantly. L 
was the least effective (Fig and Table). Of the 3 
aggregants, Epi was affected the most by the 3 
anesthetics. Epi was inhibited to an equal degree in M 
and N blood by 2-CP (Fig). However, both B and L 
antagonized Epi more in N blood than in M blood (Fig). 
All 3 anesthetics antagonized ADP and Coll more in N 
blood than in M blood. (Table) Release Action. The 
circulating&’-TG levels in the M and N blood were 
greater than in nonpregnant controls. (nonpregnant, 


54410; M, 115410; N, 114410 mg/ml). None of the 
anesthetics affected release at 1,10 or 100 ug/ml. B 
inhibited Æ -TG release in M blood more than it did N 
blood at 1000 ug/ml. Both 2000 and 4000 ug con- 
centrations of B produced hemolysis precluding & -TG 
assay. Both L and 2-CP produced dose-dependent inhi- 
bition at 1000, 2000 and 4000 ug/ml concentrations to 
an equal degree in M an N plasma (Fig). 4000 ug/ml 
concentration of both agents completely stopped Æ -TG 
release with values not significantly different from 
circulating levels. 

Discussion. Both mother and fetus have increased 
circulating @ -TG levels probably due to increased 
release action at the placenta. Our data show that 
blood concentrations of local anesthetics produced by 
absorption from the epidural space are unlikely to 
affect M and N platelet function. However, local 
anesthetics may attain high concentrations locally 
around epidural veins during regional anesthesia. 
High-blood levels may also result from accidental 
intravascular injection. Because L affects M platelet 
aggregation only minimally, it may be the safest agent 
to use especially in patients with suspected coagula- 
tion abnormality. Despite its minimal action on aggre- 
gation, L is as potent as 2-CP in inhibiting platelet 
release action, Thus, there appears to be a disparity 
between L effects on aggregation and release actions. 
The lack of response to Epi in many neonates has been 
observed by others and believed to be due to lack 
of receptors for Epi. The increased susceptibility of 
N platelets may be due to their immaturity. 
PERCENT INHIBITION OF PLATELET AGGREGATION(1000uq/ml) 


C COLLAGEN 
LEM Sp NS NM mq NS 


46.6314,99 | 56.6333.73 | 44.4049 | 61.434 10 










Legend: All anesthetics affect N platelet aggregation 
more significantly than they do maternal. Both B and 
2-CP are more effective than L. 
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Legend: * - Significantly different from the mother. 
2000 mg concentration of L and 2-CP inhibited S-TG 
release 30432, 32+5% respectively. Reference: l. Oski 


FA, Nalman JL: Hematologic Problems in the Newborn. 
Philadelphia. WB Saunders, 1976, p 175. 
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Introduction: Patients with major thermal injuries undergo 
eomplex pathophysiological changes and fluid shifts which 
may produce significant changes in the pharmacokinetics 
of drugs administered. A pilot study was designed to test 
whether the pharmacokinetics of sufentanil was altered in 
burned patients when compared to normals (1). Sufentanil 
pharmacokinetics have been studied in burn patients to 
allow a more rational use of this potentially useful 
narcotic. 
Methods: Following Institutional Review Board approval, 
seven adult patients (1 female, 6 males; mean age 47 + 15 
yrs; mean body weight 68 + 15 kg) with second and third 
degree burns of 42% body surface area (range 17%-60%) 
underwent skin grafting. The surgical procedures were 
performed between 12 and 85 days after the burn injury 
(mean 32 days) Four patients were studied on two 
different occasions, at least a week apart. The patients 
were not septic or suffering from cardiac, liver, or renal 
dysfunction. Mean serum albumin was 1.5 + 0.4 g/dl 
(normal > 3.5 g/dl). No premedication was used. 
Anesthesia was induced with thiopental, 4-6 mg/kg, 
followed by vecuronium, 0.1 mg/kg, to facilitate tracheal 
intubation and maintained with 65% N20 in Og, mechanical 
ventilation being adjusted to keep end-tidal CO» tension 
between 30-35 mmHg. Ten minutes after induction 
3 meg/kg of sufentanil was given intravenously over 
exactly 5 min. Isoflurane was used to deepen anesthesia 
during surgery if heart rate and/or blood pressure increased 
more than 20% above preinduction levels. Ringer's lactate 
and packed red blood cells were transfused to maintain 
normal blood volume and hemodynamies. Venous blood 
samples were taken at 2, 5, 10, 15, 30, 45, 60 minutes and 
then hourly for 7 hours, and stored at -269 C until assayed. 
Sufentanil plasma concentrations were determined by 
radioimmunoassay (2). Sufentanil eoneentration time data 
for each patient were hand-fitted to a two-compartment 
model and the derived pharmacokinetic parameters were 
ealeulated using standard equations. Results are expressed 
as mean + standard deviation. 
Results: Sufentanil kinetic parameters of each patient and 
mean values are presented in the Table. No correlation was 
found between age, size of burn, postburn day, and either 
sufentanil plasma levels or pharmacokinetic parameters. 
The average duration of surgery was 160 minutes * 77. No 
ease of respiratory depression occurred at the end of 
surgery. The volume of erystalloids and the number of 


packed red cells units given was respectively 6.8 liters + 


2.8 and 3.9 * 2.4. 

Discussion: Sufentanil pharmacokinetics in burn patients 
studied at different intervals after injury are similar to 
the kinetics of the drug reported by Bovill et al.(1) in a 
relatively healthy surgical population. Mean elimination 


rate constant, apparent volume of distribution and plasma 
clearance in burn vs normal patients were respectively: 
175 vs 164 min; 2.59 vs 2.66 I-kg-15 11.15 vs 12.66 ml-kg~ 

-min"l. Replacement of large amounts of blood and 
erystalloid infusion did not alter the pharmacokineties of 
sufentanil. Signifieant intraoperative bleeding, however, 
only occurred when sufentanil plasma levels were already 
low, approximately 0.9 ng/ml, with consequent small loss 
of drug. In addition, sufentanil clearance is mainly 
dependent on liver blood flow. The high plasma elearanee 
in this study suggests that liver blood flow was adequately 
maintained intraoperatively. The study confirms the 
relatively short half-life of sufentanil. This preliminary 
data on sufentanil kineties do not demonstrate any 
relevant difference between burned patients and the 
normal surgical population. Sufentanil pharmacokinetics 
do not seem to be markedly different in burn patients 
from a normal surgical population. 


Table 1. 

SUFENTANIL PHARMACOKINETIC PARAMETERS 
Patient Ve Vd tig Cl 
Number (Lkg^1) — (1-kg-1) (min) (ml-kg-min~}) 
1 1.21 3.08 219 10.67 
2A 0.76 2.31 138 11.57 
AB 0.66 213 112 13.20 
3 0.53 2.03 78 18.00 
4 1.08 3.38 245 9.56 
5A 0.72 2.42 253 6.68 
9B 0.61 2.20 172 8.86 
6A 0.74 3.02 159 13.12 
6B 0.64 2.18 137 10.98 
TA 0.31 3.53 185 13.22 
7B 0.63 2.00 229 6.84 


MtS.D. 0.71+0.24 2.59+0.54 175+57  11.15*3.25 


Patients 2, 5, 6, and 7 were studied on two occasions 
indicated as A and B. 


References: 


Ls Bovill JG, Sebel PS, Blackburn CL, et al. The 
pharmacokineties of sufentanil in surgical patients. 
Anesthesiology 1984;61:502-6. 

2. Michiels M, Hendriks R, Heykants J. Radio- 
immunoassay of the new opiate analgesics alfentanil 
and sufentanil. Pharmacokinetic profile in man. J 
Pharm Pharmacol 1983;35:86-93. 


ABSTRACTS 
Title: COMPARISON OF ECG LEADS Ves cs, 5 
åuthors: RM Griffin, F.F.A.R.C.S, JA Kaplan, M.D. 


ANESTH ANALG S65 
1986;65:51-S170 


» CB,, AND II BY COMPUTERIZED ST SEGMENT ANALYSIS 


Affiliation: Department of Anesthesiology, Mount Sinai School of Medicine, One Gustave L. Levy Place, 


New York, New York 10029 


Introduction. Monitoring of the electrocard- 
iogram (ECG) is now routine in the diagnosis of dys- 
rhythmias and detection of myocardial ischemia 
during anesthesia. Patients with a known history of 
ischemic heart disease (THD) undergoing non-cardiac 
surgery are particularly at risk. Different ECC 
lead systems have been recommended for the optimal 
detection of myocardial ischemia, ’~ but no previous 
comparison of multiple leads has been made during 
and after anesthesia using computerized ST segment 
analysis. 


Methods. Following approval of the institu- 
tional review committee, informed consent was 
obtained from 15 patients with IHD and 7 normal 
patients undergoing a variety of non-cardiac 
surgical procedures. Diagnosis of IHD was based on 
a clear history of myocardial infarction (MI) or ECG 
evidence of IHD. Patients with conduction defects 
or left ventricular strain pattern on the ECG were 
excluded. There was no restriction on age, pre- 
operative drug therapy, type of surgery, or 
anesthetic management. Prior to induction of 
anesthesia , ECG electrodes were placed to monitor 
leads II, V. and modified chest leads CS. and CB,. 

À modified Bewlett Packard 2008A module Was used to 
select and display simultaneously lead II and one of 
the precordial leads. A Quinton 741 computerized ST 
segment analyser was used to detect ischemic changes 
in each of the leads. ST segment parameters 
including ST level, slope, index and integral were 
updated and displayed every 20 beats during induc- 
tion, maintenance of anesthesia, and in the recovery 
room for 2-4 hours.  Ischemia was defined as lmm or 
more of downsloping or horizontal ST segment depres- 
sion, greater than 2mm of upsloping ST segment 
depression measured 0.06 seconds from the J-point, 
or ST elevation greater than Imm in any lead. 
Patients with IHD had serial 12-lead ECGs and 
creatine phosphokinase-myocardial bands (CPK-MB) 
taken postoperatively. 


Results. No patients in the control group 
developed ECG evidence of ischemia, while 3 of 15 
patients with ischemic heart disease showed ST 
segment changes. Two patients had ischemia in the 
operating room and one in the recovery room. The 
ST segment analysis showed ischemic changes in all 
leads in the 3 patients, but the changes were more 
easily observed in the precordial leads than in 
Lead II (Figure). The range of ST segment depres- 
sion from control was 0.6mm in lead II to 2.2mm in 
lead CS. and was downsloping (ST slope range=~1.0 to 
—6.0mm/8ec) in most leads in the 3 patients. The 
mean values for the ST segment parameters are shown 
in the table. Postoperative ECGs and CPK-MB 
measurements did not indicate ischemia/infarction in 
any patient studied. 


Discussion. The overall incidence of myo- 
cardial ischemia (20%) was less than previously 
reported and no changes were found during intu- 
bation. This may be related to the increased use 


of specific drugs (eg: nitroglycerin) to maintain 
cardiovascular stability during anesthesia. The 
episodes of myocardial ischemia were associated with 
hypertension in two patients and hypotension in the 
third cage which is consistent with previous 
reports. The ischemic changes were detected with 
equal frequency in all the precordial leads studied 
suggesting that the use of bipolar lead CS, or CB. 
is a satisfactory alternative to monitoring a true 
V. lead during anesthesia; especially when combined 
with lead II. Furthermore, use of a computerized ST 
segment analyzer facilitates the diagnosis of,myo- 
cardial ischemia in the perioperative period. 
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TABLE 
ECG LEAD 
II V; cS, CB. 
ST Depression (mm) 1.0 l.1 1.8 1.4 
ST Slope (mm/sec) -2.3 0 -2.3 -3.7 
ST Index -0.8 -0.8 -1.6 -1.7 
ST Integral (pV/sec) 6.3 6.8 P2 9. 
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Introduction. Coagulation abnormalities are a 
common problem during and after cardiac surgery. 
Over the last few years many new medications have 
been added to the regimen of the cardiac patient. 
Several studies have shown that some of these drugs 
may influence platelet function. Among these 
commonly seen medications are propranolol, a beta- 
adrenergic blocker, various vasodilators such as 
nitroglycerin (NTG), and post recently, slow 
channel calcium blockers. Most patients are 
receiving at least one of these drugs on a regular 
basis and many may be taking combinations of two 
or three of these drugs. The purpose of this 
study was to determine if slow channel calcium 
blockers alone or in combination with beta- 
blockers and/or nitrates exert a clinically 
significant influence on the hemostatic mechanisms 
prior to the beginning of anesthesia and surgery. 


Methods, After informed consent, 35 patients 
undergoing elective coronary artery bypass surgery 
were studied. Patients were divided into two 
groups: Group I (control) received no calcium 
channel blocker, while Group II received a calcium 
channel blocker. Both groups I and II were further 
subdivided as to whether patients also received 
beta-blockers (propranolol, metoprolol, pindolol, 
nadolol, atenolol, timolol) and/or nitrates.  Beta- 
blockers, nitrates and calcium blockers were con- 
tinued in their usual doses until the time of 
surgery with most patients receiving their last 
dose on the morning of surgery. Routine preopera- 
tive coagulation studies were done prior to surgery 
including PT, PTT and template bleeding time. All 
patients were premedicated with morphine and 
scopolamine. Standard cardiac monitoring was used 
including ECG lead V,., and radial arterial and 
pulmonary arterial catheters, and samples were 
drawn from the arterial catheter for platelet count 
and platelet aggregation studies with ADP and 
epinephrine. Postoperative blood loss was docu- 
mented for the first 12 hours. Statistical 
analysis was performed using a Student's unpaired 
t-test, with a significance level of P< .05. 


Results. Patients in both groups were similar 
with respect to age, height, weight, and premedica- 
tion. The number of patients in each subgroup on 
like combinations of drugs was similar.  Preopera- 
tive PT, PTT, hematocrit, and template bleeding 
time were not significantly different and vere 


Discussion. Many drugs used in the treatment of 
cardiac patients are known to have some effect on 
platelet function. These include beta-blockers, 
vasodilators and slow channel calcium blockers. 
The mechanism of platelet interference varies as 
does the degree of severity, 

Propranolol has been found to inhibit platelet 
aggregation due to interference with intracellular 
calcium mobilization and reduced ability of the 
cells to produce Thromboxane À,. The effects of 
NTG are dose-dependent and revérsible by the dis- 
continuance of the drug, but the mechanism of its 
action is not yet fully understood. 

Verapamil, nifedipine and diltiazem have all 
been found to reduce platelet aggregation. Verapa- 
mil inhibits epinephrine-induced aggregation while 
nifedipine and diltiazem have been shown to reduce 
both ADP- and collagen-induced aggregation. Ni- 
fedipine has also been shown 5o increase Ivy 
bleeding time by 12% in vivo. 

This study indicates that the use of slow 
channel calcium blockers alone or in combination 
with beta-blockers and/or nitrates does not produce 
clinically significant alterations in the normal 
coagulation process or in platelet function. These 
results suggest that patients may be safely main- 
tained on their usual doses of calcium channel 
blockers until the time of surgery without concern 
for significant coagulopathy. 
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within normal ranges. There were no significant BLOCKER 


differences between groups I and II for preinduc- PARAMETER - CONTROL GROUP GROUP 

tion platelet count or ADP- and epinephrine-induced Bleeding Time (min) 6.94t 1.42 8.63t 2.03 

platelet aggregation (Table). Postoperative blood M ADP for Agg 3.5 t 4.64 4.65410.51 

loss was the same for both groups. Analysis of the 4ADP Agg 77.75% 8.93 75.81* 8.40 

data using beta-blockers or nitrates as the M Epi for Agg 7.45216.71 8.37423.60 

independent variable also showed no statistical & Epi Agg 75.17t 8.46 78.13% 8.20 

differences in any of the parameters studied. Platelet count 178,250431,090 196, 95077 ,660 
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Introduction. Although nitrous oxide is 
widely used in pediatric anesthesia, its hemo- 
dynamic effects have not been documented in small 
children. While some studies of adults have shown 
an increase in pulmonary vascular resistance index, 
index, i» the response of the more muscular and 
and reactive immature pulmonary vasculature to 
nitrous oxide has not been studied. Safe use of 
nitrous oxide in infants with intracardiac shunting 
or pulmonary hypertension is debated. Our study 
was designed to assess the hemodynamic response 
of infants to 50% nitrous oxide. 


Methods. We studied infants under one year of 
age when they were responsive but still fully ven- 
tilated 4-6 hours after surgical repair of complex 
congenital heart disease during high dose fentanyl 
anesthesia. Hemodynamics were measured using left 
and right atrial catheters, radial and pulmonary 
arterial (PA) catheters for pressures and a PA 
thermistor for thermodilution cardiac output. Four 
sequential sets of measurements were made during 
uniform ventilation after 12 minutes of equilibra- 
tion with the gas mixtures delivered through the 
respirator: 50% oxygen/nitrogen (1), 50% oxygen/ 
nitrous oxide (2), 50% oxygen/nitrogen (3), and 50% 
oxygen/nitrous oxide (4). Fide was thus 0.5 during 
all measurements. Mean hemodynamic values after 
equilibration with nitrous oxide were compared to 
the preceding baseline during 50% nitrogen admin- 
istration using the analysis of variarce test; 

a p value of < .05 was considered significant. 
Institutional clinical investigation committee 


approval and informed parental consent were obtained 


for all studies. 


Results. The mean hemodynamic values at the 
end of each measurement period are shown in the 
Table. Cardiac index (CI), heart rate (HR), and 
mean arterial pressure (MAP) all fell significantly 
with nitrous oxide on both administrations. Mean 
pulmonary arterial pressure (MPAP), left atrial 
pressure (LAP), right atrial pressure (RAP), 
pulmonary vascular resistance index (PVRI), and 
systemic vascular resistance index (SVRI) showed 
no significant change with nitrous oxide after 
either administration. Results were thus readily 
reproducible. 


Discussion. We concluded from our study that 
50% nitrous oxide decreases MAP in infants 
secondary to a decline in CI, attributable in turn 
to decreases in HR, similar to previous findings in 
adults. ^^? Unlike the studies of adults, l- 
the infants in this study showed no change i PVRI, 
SVRI, or MPAP with nitrous oxide. There was a 
slight tendency for PVRI to rise but this did not 
achieve significance. The mean PVRI was mildly 
elevated ( » 3 wood units); 5 patients had elevated 
PVRI (> 3 wood units), while 4 had normal PVRI 
(1-2 wood units), but when these 2 sets of patients 
were analyzed separately neither the group with 
normal nor the one with elevated PVRI showed any 
statistically significant increase in PVRI. 
This suggests that even in small children with a 
mild degree of pulmonary vascular obstructive 
disease, N20 does not adversely affect PVRI. 
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Mean Hemodynamic Values with 50% Nitrous 
Oxide in Infants (+ SD) 


(1)-N2 (2)-N20 (3)-N2 (4)-N20 
HR (b/min) 120120 105+13* 112111 103£13* 
MAP (mmHg) 7946 7046 * ROL6 72x8* 
RAP (mmHg) 9+2 9+1 10+3 943 
MPAP (mmHg) 21t5 2025 2345 206 
LAP (mmHg) 1043 1013 1134 1053 
CI (L.min-l.m2) 3,641.1 3.140.9* 3.441.0 — 3.120.9* 
PVRI (Wood U.) 3.152.1 3,542.4 3.3:2.3 3.212.2* 
SVRI (Wood U.) 2145 2245 23+6 225 


Fi0g 0.5 at all times *P< 0.05 
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Introduction: There is evidence in both man and 
dog^ that protamine indueed hypotension may be 
associated with changes of platelet funetion. The in- 
fluence of white cells and complement on protamine 
hypotension is unclear. Animal experiments suggest 
that protamine administration prior to heparinization 
can effectively prevent protamine induced hypoten- 
sion.” The effect of administering .75 mg/kg prota- 
mine prior to heparinization was investigated on sub- 
sequent hemodynamic  ehanges during protamine 
reversal. We have measured platelet count (PLT), 
whole blood count (WBC), total hemolytic complement 
(CHso), and Beta thromboglobin (BTC) prior to and 
following protamine reversal. 

Methods: The investigation was approved by the 
institutional review committee and informed consent 
was obtained from each patient, 17 patients undergoing 
aortic reconstructive surgery were randomly divided 
into two groups. Group I (N=9) received protamine 
sulfate .75 mg/kg (Eli Lilly) over 3 minutes, admini- 
stered 5 minutes prior to heparinization. Group II (N=8) 
received an equal volume of normal saline over 3 
minutes. Heparin 1.5 mg/kg (porcine) was administered 
and ACT followed throughout the operation. Additional 
heparin was administered to maintain ACT less than 
250 sec. After 5 minutes of stabilization of hemodyna- 
mies following aortic repair, protamine 1.5 mg/kg was 
administered over 3 minutes. Hemodynamie measure- 
ment included: strip chart recording of arterial blood 
pressure, pulmonary artery pressure, central venous 
pressure and HR. Thermodilution cardiac output and 
PCWP were obtained prior to and 2 minutes following 
pretreatment (N.S. or protamine) and heparinization, 
and again prior to reversal and 1, 3, and 10 minutes 
following reversal. CHso, PLT and WBC were 
measured at these times. Blood for BTG analysis was 
drawn prior to reversal and 1, 3, and 10 minutes 
following reversal. 

Results: The maximum drop in systolic and 
diastolic blood pressure is shown in Table 1. The mean 
decrease in systolic blood pressure was 8 torr in the 
pretreated group compared to 25 torr in the normal 
saline group. Similarly the maximum mean decrease in 
diastolic blood pressure is less in the pretreated group 
than in the control group. We see in Table 1 that PA 
diastolic pressure falls more in the normal saline group 
than in the protamine pretreated patients. There is 
significant correlation between the fall in systolie and 
diastolic blood pressures with the fall in PA diastolic 
blood pressure. There ‘were no group differences in 
change in platelet count, WBC, BTG or CHso fol- 
lowing protamine reversal. Closer examination of 
protamine pretreated patients revealed a significant 
inverse correlation (p< .05) between platelet count 
decrease with pretreatment and subsequent decrease in 
blood pressure. 

Diseussion: Decreases in blood pressure occur 
following rapid protamine treatment in aortic recon- 
structive operations. The maximum decrease in blood 





pressure occurs 1-5 minutes following protamine ad- 

ministration. This decrease in blood pressure is 

associated with decreases in CVP and PAD pressure. 

These hemodynamic changes were reduced by the 

administration of .75 mg/kg protamine prior to hepar- 

inization. Protamine decreased platelet counts and 
increased circulating BTG when given to antagonize 
heparin. The decrease in blood pressure following 
heparin reversal by protamine was inversely correlated 
with the decrease in platelet count seen during prota- 
mine pretreatment. These data suggest that protamine 
administered prior to heparin alters subsequent 
heparin-protamine interactions. We have demonstrated 
decreases in blood pressure with rapid protamine re- 
versal associated primarily with reduced preload. 

These hemodynamic effects were blocked by prior 

protamine administration. We have seen reduced 

platelet counts with protamine reversal and an 
association between platelet drop with pretreatment 
and subsequent hemodynamics on reversal. Data ob- 
tained from patients following cardiopulmonary bypass 
can not be extrapolated to patients undergoing aortic 
surgery possibly because of different platelet popula- 
tions. 
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TABLE 1 
Group I Group I 
(Protamine (Normal 
Pretreated) Saline) 
Maximum Decrease 
in Systolic Blood -8 +8 -25 + 22* 
Pressure (range 0-20) (range 0-70) 
Maximum Decrease 
in Diastolie -9 +3 -13 + 12* 
Blood Pressure (range 0-5) (range 0-40) 
Maximum Decrease 
in Pulmonary 
Artery Diastolic -l+3 -3 + 3* 


Blood Pressure 


All Values in mmHg + S.D. 
*P < 05 Student t test 


Regression SBP vs. PAD R=.72 P «.005 
DBP vs. PAD R -.8 P «.001 
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Introduction: The objective of this study was to deter- 
mine the incidence of myoglobinemia following the ad- 
ministration of suecinylcholine to infants and children 
undergoing isoflurane anesthesia. Previous investigations 
by the authors showed above normal increases in serum 
myoglobin concentration in children undergoing halothane 
and non-halothane (N90-09-non-depolarizing muscle re- 
laxant-narcotic) anesthesia with significantly greater my- 
oglobinemia in the halothane group. We sought to 
determine whether isoflurane, a halogenated ether, be- 
haves as the halogenated hydrocarbon, halothane, or as a 
non-halogen anesthetic in its association with the oc- 
currence of myoglobinemia following the administration of 
sueeinyleholine. 


Methods: Informed consent was obtained for 18 P.S. 1 
ehildren (ages 14 months-15 years) undergoing peripheral, 
non-musele dissecting surgery. Approval for blood col- 
leetion was granted by the Committee on Human Re- 
search. Following induction of anesthesia with N90-09- 
isoflurane, a pre-suecinyleholine blood sample was drawn. 
Suecinyleholine 2 mg/kg was given IV. Fifteen and sixty 
minutes after sueeinyleholine administration, blood sam- 
ples were collected in serum separator Microtainers® 
which were centrifuged and frozen until analysis. Myo- 
globin RIA Kit? (Nuclear Medical Systems, Ine.) employing 
I-125 myoglobin was used for analysis. Each patient 
served as his own control. Children were observed for the 
occurrence of fasciculations. The isoflurane group was 
compared statistically with the previously studied halo- 
thane (n=18) and N90-09-non-depolarizing muscle relaxant- 
nareotie (n-15) groups using ANOVA and the Kruskal- 
Wallis critical difference test. 


Results: Following succinylcholine administration, a rise 
in serum myoglobin concentration was observed in all but 
one patient. There was a wide range of elevation of 
serum myoglobin concentration. Myoglobin concentrations 
at 60 minutes tended to be higher than those at 15 
minutes, but did not differ significantly. Presence or 
absence of fasciculations had no effect on the degree of 
myoglobinemia attained. 


SERUM MYOGLOBIN CONCENTRATION (ng/ml) 
Succinylcholine 2 mg/kg 


15 minutes after Succinyleholine 


Halothane Isoflurane Other 
Median 830 280 155 
Range 61-4600 137-1075 30-520 
n 18 18 15 


60 minutes after Succinyleholine 


Median 1820 430 205 
Range 65-7000 84-1800 30-585 
n 18 18 15 


Fifteen minutes following succinylcholine administration, 
myoglobin concentrations in all three groups differed 
significantly. Sixty minutes after succinyleholine ad- 
ministration, myoglobin concentrations in the isoflurane 
group differed significantly from only the halothane group. 
Patients receiving halothane and suecinyleholine had sign- 
ifieantly greater increases in serum myoglobin concen- 
tration than those not receiving halothane. 


Discussion: Isoflurane in its association with myoglobin 


release from muscle following succinyleholine adminis- 
tration, is significantly different from halothane in its 
association with myoglobinemia following suecinylcholine. 
The mechanism for increased myoglobinemia in asso- 
ciation with the halogenated hydrocarbon, halothane, 
remains to be determined. 
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Introduction: Esmolol is an intravenous cardioselective 
beta-adrenergic blocking agent with rapid onset and short 
duration of action. Esmolol infusion has been shown to 
attenuate heart rate (HR) and blood pressure (BP) 
increases with laryngoscopy and tracheal intubation in 
patients with coronary artery disease (1). The present 
investigation in a similar group of patients was designed 
to evaluate the effectiveness of continuing infusion of 
esmolol in order to attenuate the hemodynamic responses 
to chest incision, sternotomy, and aortic dissection. 


Methods: Twenty-one patients scheduled for coronary 
revascularization (CABG) gave informed consent to 
participate in a randomized double-blind study approved 
by the Institutional Review Board. Criteria for patient 
selection included an ejection fraction > 0.40 and a left 
ventricular end-diastolic pressure < 18 mmHg. Any 
patient receiving beta-adrenergic or calcium entry 
blocking agents had these discontinued at midnight of the 
day prior to operation.  Premedication was diazepam 
(0.15 mg/kg po), morphine sulphate (0.1 mg/kg im), and 
scopolamine (0.3-0.4 mg/kg im) given 90 min prior to 
induction. HR, BP and EKG (V5) were recorded in the 
operating room with the patients awake until stable 
baseline values were obtained. Either placebo or esmolol 
was then infused at 500 mcg/kg/min for 2 min, followed 
by 200 mcg/kg/min continued until aortic cannulation. 
Five min after infusion was begun anesthesia was induced 
with diazepam (0.5 mg/kg iv), pancuronium (0.1 mg/kg iv) 
and 50% N2O in oxygen. Intubation began 5 min after 
induction. After intubation anesthesia was maintained 
with 5096 N2O in oxygen and enflurane (0-2.096) until 
cardiopulmonary bypass (CPB). Enflurane concentration 
was adjusted and adjuvant agents used as necessary to 
maintain HR 45-110 beats/min, systolic BP within 2596 of 
preoperative pressure, and left atrial pressure (LAP) 
< 15mmHg. HR, BP, EKG (V5), and inspired enflurane 
concentration were recorded and analyzed at 7 stages 
(Table). Biood was drawn 10 hrs after aortic cross-clamp 
placement for determination of CK-MB. 


Results: Patients given placebo (group 1) had 
significantly higher heart rates than patients given 
esmolol (group 2) at all events except sternotomy when 
the difference just failed to achieve statistical 
significance (p = 0.06). Mean arterial pressure (MAP) was 
significantly greater at intubation in patients given 
placebo than in patients given esmolol. At this time, two 
placebo but no esmolol patients developed ST segment 
changes consistent with myocardial ischemia. Patients 
not receiving esmolol required significantly more 
enflurane to blunt hemodynamic responses to incision and 
one required intravenous propranolol to treat a sustained 
increase in heart rate. The use of other cardiovascular 
agents did not differ statistically between the two groups. 
However, LAP was significantly higher in the esmolol 
than in the placebo patients (11.5 + 2.0 vs 5.3 + 
1.1 mmHg) and two patients receiving esmolol were given 
nitroglycerin. Difficulty in weaning from CPB did not 
differ between the two groups. Postoperatively no 
patient had enzymatic evidence of myocardial necrosis. 


Discussion: This study corroborates and extends our 
earlier results demonstrating that esmolol can effectively 
blunt hemodynamic responses to intraoperative stimuli, 
particularly increases in heart rate. It has recently been 
shown that tachycardia is related to development of 
ischemia intraoperatively and that this is associated with 
an increased incidence of perioperative myocardial 
infarction (2). This suggests a protective role for beta 
blockade in patients undergoing CABG.  Esmolol offers 
advantages over currently available beta blockers in that 
its rapid onset and short duration allow more precise 
titration or withdrawal in response to the clinical 
situation. However, as with any beta blocker, careful 
attention should be paid to left ventricular filling 
pressures when esmolol is used with a potent inhalation 
agent, 
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TABLE 
HEMODYNAMIC DATA 


Inspired 
EAS MAR 2l Enflurane (96) 


Stage I BASELINE 

Group l 7343.9 9243.5 10624+814 

Group 2 6842.5 90«5.2 102494711 

Stage II PRE-INDUCTION 

Group | 7345.1 92+4.1 — 110204994 

Group2 634+2.4* 8845.1 — 91774819 

Stage IIT INDUCTION 

Group 1 9245.4 8144.2 — 1259341047 

Group 2 7942.7 * 7446.2 | 96024863* 

Stage IV INTUBATION 

Group 1 9445.5  122+4.8 1577941583 0.33+.18 
Group 2 77+2.6% 104+4.1* 12098+719* 0.18+.09* 
Stage V CHEST INCISION 

Group 1 8545.9 107+6.1 1296541278 = 1.70+.21 
Group2 68+3.2* 104+5.1 100644497*  1.144.13* 
Stage VI STERNOTOMY 

Group 1 7845.6 1014+6.6 11259+1381  1.774.20 
Group 2 6643.1 9545.1 8924+610 1.354.16 
Stage VI AORTIC DISSECTION 

Group 1 7944.9 9245.0 10546+1240 1.27+.22 


Group 2 6643.6*% 9744.5 88824582 1.10+.17 


Mean + SEM. * p < 0.05 esmolol vs placebo. 


Study supported by American Critical Care (grant #8052- 
83-27-01). 
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Introduction The end-systolic pressure- 
dimension relation has been used to study the 
effects of volatile anesthetics on ventricular 
function in man (1,2) and in dogs (3). Although 
the effect of halothane at a single end-tidal 
concentration is known, no dose-response studies 
exist in man. Using a 2D-echo method to derive the 
end-systolic pressure-volume relation (ESPVR) iu 
the anesthetized patient, this study investigated 
the dose-dependence of the effect of halothane on 
myocardial function in man and the sensitivity of 
the ESPVR to detect myocardial depression. 


Methods Informed consent was obtained from 
patients scheduled to undergo coronary bypass 
surgery. In all patients anesthesia was induced 
with fentanyl, pancuronium, and 100 % O5, and 
maintained with fentanyl (total dose: 100415 
ncg/kg). The ESPVR measurements were obtained 
immediately before or after cardiopulmonary bypass 
(CPB). Continuous recordings of the radial artery 
pressure and of the left-ventricular short-axis 
area, obtained by epicardial placement of a 3.5 mHz 
ATL? transducer, were synchronized. During the 
recording, 200-500cc of pump-fluid were rapidly 
transfused into the right atrium. The recordings 
were then interrupted and halothane was 
administered until a stable end-tidal concentration 
was achieved. A repeat transfusion was then 
performed while pressure and 2D-echo data were 
again recorded. With the information from each 
transfusion, an ESPVR-slope was constructed using 
26 separate cardiac cycles. Peak-systolic pressure 
was defined as end-systolic pressure, while 
end-systolic volume index was derived from the 
smallest short-axis area for the studied heartbeat. 
All echo-data were analyzed by a "blinded" 
investigator using a Diasonics® interactive 
computer. 


Results  ESPVR slopes derived in 2 patients 
before CPB and in 3 patients after CPB were 
averaged at several halothane concentrations. 
Control left ventricular contractility at zero | 
end-tidal halothane was represented by a mean ESPVR 
slope of 0.274+0.04 mmHg /m1/m2 (+SE). At an average 
end-tidal halothane concentration of 0.76%+0.04% 
(+SE) the mean ESPVR slope decreased to 8724102 
(+SE) of control. At 1.17240.03Z2 (*SE) end-tidal 
halothane, there was a further decrease to 71%+24% 
(*SE) and at 1.61%+0.1% end-tidal halothane, the 
mean ESPVR slope was 54Z49X (+SE) of control. 

These results are summarized in the figure. 


Discussion Our results show that halothane 
decreases ventricular contractility in man under 
fentanyl-pancuronium anesthesia in a dose-dependent 
fashion. The only other human study using 
pressure-diameter analysis showed a 30% decrease in 
myocardial performance at 0.5% end-tidal halothane 
(1). In dogs, the dose-dependent effects of 
halothane were investigated by means of the 
end-systolic pressure-diameter relation using 
chronically implanted ultrasonic microcrystals to 
obtain ventricular dimensions (3). That study 
showed a 60% reduction in the end-systolic 
pressure dimension slope at 2% end-tidal halothane 
concentration. The ESPVR derived in this study 
using 2D-echo appears to be an equally sensitive 
index of ventricular contractility in man. It 
provides the first intraoperative evidence that 
halothane myocardial depression is dose-dependent. 
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Introduction In animals and isolated animal 
hearts, the end-systolic pressure-volume relation 
(ESPVR) has recently been introduced as an index of 
ventricular contractility (1). The ESPVR is 
obtained from the linear relation between 
end-systolic pressure (ESP) and end-systolic volume 
(ESV). The slope of this relation is called 
elastance (E) and is proportional to contractility, 
The present study first determined whether 
intraoperative left ventricular (LV) ESPVRs could 
be constructed for patients. Second, the 
hypothesis that agents with known inotropic 
properties alter the ESPVR in the anticipated 
directions was tested. 


Methods After institutional approval and 
informed consent had been obtained, 34 patients 
scheduled for CABG were administered 
fentanyl-pancuronium anesthesia with 100% 05. The 
radial artery pressure tracing and a 2D epicardial 
echocardiogram (3.5 mHz ATL® transducer) were 
recorded simultaneously after synchronization. To 
produce an increase in arterial pressure, 200 to 
800 cc of oxygenator contents were rapidly 
transfused into the right atrium using a cannula 
connected to the CPB pump. To maintain constant 
heart rate, patients were paced atrially. 
Respiratory interference was avoided by 
interruption of mechanical ventilation during the 
measurement period which never exceeded 60 seconds, 
The peak arterial pressure of individual beats was 
used to estimate ESP. Endocardial short-axis areas 
at the mid-papillary muscle level were computed 
using a Diasonics® computer-interfaced electronic 
pen digitizer. For each contraction, the smallest 
short-axis area (SA) was used to calculate ESV 
according to the formula ESV-(SA)3/2(45«SA)/ (154A) 
and ESVI-ESV/BSA. All tracings were performed by a 
"blinded" investigator in triplicate. For each 
transfusion, the E slope was derived by best-fit 
linear regression using the relation ESP=E x ESVI + 
constant. Four to 12 pairs of ESP-ESVI data were 

. used in the determination of each slope. 
Sensitivity and specificity of ESPVR to changes in 
ventricular contractility were determined by 
repeat measurement of the slope after administra~ 
tion of dopamine (5 meg/kg/min) to increase E, or 
halothane (1% end-tidal) to decrease E. 


Results Baseline elastance slopes derived in 
34 patients ranged from 0.17 to 4.85 with a mean of 
1,22+0.9 mmHg/ml/m? (49D). The correlation 
coefficients for the linear fit of the ESPVR 
averaged 0.93+0.04 (+SD) indicating very good 
linearity between ESP and ESV. Sample ESPVR slopes 
are shown in the figure. Echo analyses repeated at 
different times by the same investigator showed 
good reproducibility of E. Dopamine infusion 
produced steeper ESPVR in ll out of 11 
transfusions, while halothane administration made 
the ESPVR less steep in 10 out of 12 transfusions. 
These interventions indicate that the ESPVR slope 
obtained intraoperatively was 100% sensitive to 


changes in the inotropic state of the LV with an 
83% specificity (Table 1). 


Discussion A new intraoperative method is 
described which allows the measurement of LV 
contractility from the ESPVR. The ESPVR was 
obtained by increasing LV preload gradually in a 
short period of time. The ESPVR showed very good 
linearity when subjected to regression analysis. 
Changes in the slope of the ESPVR reflected changes 
in the contractile state of the LV produced by 
dopamine or halothane with good sensitivity and 
specificity. Thus the slope of the ESPVR in 
patients appears to faithfully represent 
intraoperative LV contractility, The non- 
dependence of the ESPVR on ventricular loading 
factors as demonstrated in the dog model needs to 
be confirmed in man. This will make the ESPVR an 
excellent method to investigate the effects of 
new anesthetic agents on ventricular contractility. 


Reference 
l. Sagawa W: Editorial: The end-systolic 
pressure-volume relation of the ventricle: 
definition, modifications, and clinical use. 
Circulation 1981; 63:1223-1227. 


TABLE 1 

Increased E Decreased E 
Dopamine 1l (TP) O (FN) 
Halothane 2 (FP) 10 (TN) 





FP=False positive 
FN=False negative 
100x TP/(TP*FN) 


TP=True positive 
TN=True negative 
SENSITIVITY 


SPECIFICITY = 100x TN/ (TN+FP) 
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Introduction. High dose narcotic induction cessary. We did not find that S had less of a 


for cardiac anesthesia can cause severe bradycardia 
especially in patients (pts) who are well Beta (B) 
blocked. Pancuronium (P) is often utilized to 
counteract this bradycardia and provide stable 
hemodynamics. However, with the advent of calcium 
Channel blockers, pts are taking less B-blockers to 
achieve an optimal myocardial oxygen balance. In 
this subset, administration of a muscle relaxant 
with less sympathomimetic action seems appropriate. 
We evaluated the use of metubine-pancuronium (M/P) 
and vecuronium (V) in incompletely B-blocked pts 
during sufentanil (S) or fentanyl (F) induction. 
Pancuronium (P) was evaluated in well B-blocked pts 
during S or F induction. 


Methods. With informed consent and institu- 
tional approval 65 pts. undergoing 3 vessel bypass 
or aortic valve replacement were analyzed. Cardiac 
medications were continued up to the time of sur- 
gery. All pts were premedicated with lorazepam 
(0.04 mg) and morphine (0.1 mg/kg). 10 ml/kg of 
Ringer's lactate was infused prior to induction as 
the arterial and Swan-Ganz catheters were inserted. 
Clinically B-blocked pts received P 0.1 mg/kg 
whereas incompletely B-blocked pts received either 
M/P 0.15 mg/kg and 0.05 mg/kg respectively or V 0.1 
mg/kg. Induction was achieved with F 50 ug/kg or S 
10 ug/kg and muscle relaxants while ventilation was 
maintained with 100% 0.. Hemodynamics, induction, 
and intubation times ‘were recorded continuously. 
For statistical evaluation the analysis of variance 
and a modified t-test were used, Differences were 
considered significant at the 0.05 level. 


Results. The group on the lowest doses of B- 
blocker was the M/P treated pts whereas the P 
treated group had the highest dose of B-blocker as 
Shown in Fig 1. With respect to heart rate (HR) 
the F-P group had a 5% increase in HR whereas the 
S-P group had a 4.5% reduction fn HR as shown in 
Fig 2. The narcotic-M/P groups had a transient 4% 
rise in HR. With V; both narcotic groups decreased 
their HR by approximately 10%. Both the F and S 
treated pts mafntained their blood pressure and 
cardiac output within 10% of their pre-induction 
levels, Decreases were found more commonly in the 
groups recording the greatest drop in HR. No signs 
of ischemia or failure were detected by ECG or a 
change in pulmonary capillary wedge pressure, 


Discussion. We did not find the significant 
HR changes with S-P found in Khoury et al's study. 
Their pts received greater doses of P (0.12 mg/kg 
vs 0.1 mg/kg) and may not have been clinically B- 
blocked. In addition, we administered the S and P 
simultaneously. Our F-P group, however, had a 5% 
increase in HR. The narcotic-M/P groups had a 
transient 4% increase indicating that the 0.5 mg/kg 
Still had a vagolytic effect when the pt was not 
well B-blocked. The narcotic-V combination caused 
a predictably consistent fall in HR indicating that 
V. had no vagolytic effect on HR. However, the low- 
est HR recorded was 58 and no treatment was ne- 


vagal effect than F since similar decreases in HR 
occured in the S-V or F-V groups and the S=P group 
actually had a reduction in HR whereas the F-P 
group had an increase in HR. Thus, V doesn't 
counteract the chronotropic effects of the 
narcotics as do M/P and P. Concomitant use of 
muscle relaxants and narcotics produce predictable 
changes that are not always desírable, depending on 
the pt's  physiologic status and preoperative 
medication. In pts who are fully B-blocked caution 
should be used in the use of Y as either F or S can 
produce bradycardia. However in pts on moderate 
doses of B-blockers, V used with either F or S 
results ín a stable BP and a small (approximately 
10%) decrease in HR, the ideal result for pts with 
coronary artery disease. We conclude that the lack 
of significant cardiovascular effects with V can be 
used to advantage 1n narcotic induction for cardiac 
pts, though caution should be exercised in fully B- 
blocked pts where P or M/P still has a place. 
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Introduction. There have been no studies pub- narcotic anesthesia4. Our data also show that 
lished on the interaction between a dihydropyridine administration of I results in an increase in Nc 


(DHP), CB, and I. In a chronically instrumented dog 
: plasma concentrations, as halothane does for the 
model, we have studied the effect of several doses plasma concentrations of another calcium channel 


of Nc, a DHP-CB, awake (A) and during 1.6% (L) and blocker, veraramil5 
3.0$ (H) I anesthesia. f F ° 

Methods. Nine conditioned dogs were instrumen- 
ted for measurements of aortic (A), left atrial 


f References. 
(LA), and left ventricular (LV) pressures (P), car- l. Merin, Basch. Anesthesiology 55:398-416, 1981. 
diac output (CO), coronary (Cor), and renal (Ren), 2. Seagard et al. Anesthesiology 59:511, 1983. 
blood flows (BF). Nc was injected as a bolus of 5, 3. Doursout et al. Fed. Proc. 44:714, 1985. 
10, 50 (n=6), and 30 ug/kg (n-9) intravenously to 4. Kishi et al. Br. J. Anaesth. 56:1003, 1984. 
conscious dogs on separate days. During L-I anes- 5. Rogers et al. Anesth. Analg. 63:268, 1984. 


thesia, 30 ug/kg (n-9) was studied one day, and 5, 
10 and 50 ug/kg (n-6) were studied on another day. 
The effects of all Nc doses (n-6) were studied 
during H-I on a separate day. All doses were given 
in randamized order. I anesthesia was induced by 
mask. The dogs were intubated and ventilated with a 
mixture of I:N5:09 to maintain paO2 and paCOs at 
awake levels. Arterial blood samples were collected 
before and l minute after injection of Nc (30 ug/kg) 
awake and during L-I. Plasma Nc concentrations were 
measured by gas-chromatography. Statistical anal- 
ysis euployed a repeated measure ANOVA and paired 
t-tests with a Bonferroni correction. All results 
were given as mean + SEM. 

Results. The hemodynamic effects of Nc, awake 
and during L-I and H-I are presented in figure l. 
The hemodynamic effects of I were essentially the 
same as those seen in previous studiesl. In 









awake dogs, Nc induced a dose-dependent increase in 4000 * 
heart rate HR, CO and CorBF and LV dP/dt max and a LVdP/dt * z 
dose-dependent decrease in MAP. RenBF remained 180 EY Mi A 
essentially unchanged. During L-I, although the Ne T Ut 7 mmHg/ 
induced decrease in MAP was similar, Nc induced dou e 
increases in HR, CO and CorBF were less, and LV 80 1000 
dP/dt max and RenBF decreased. Except for the de- 
crease in MAP, H-I accentuated the changes produced 100 : . 80 
by L-I on the effects of Nc. Ne plasma concentra- MAP oso t CorBF 
tions were higher during I than awake. mmHg Sa.. mi/min. 
Discussion. I produced a dose related blunting €vq--—S$——cA 
of the hemodynamic effects of Nc although MAP was 40 x 20 
decreased to a similar degree. Increases in HR, CO 
and LV dP/dt max were either blocked (HR, CO) or de- 4.0 * 
creased (LV dP/dt max) by increasing doses of I. RenBF 
The increase in CorBF was reduced and RenBF was 1 hae je ml/min. 
decreased by Nc during I anesthesia. These effects l r aie hec i 
ray be related to inhibition of the baro-reflex by Ce GELADEN 


I2. This hypothesis is supported by the cbservation 15 5 oe eee een 
that the same effect can be recorded after gangli- 
onic blockade in conscious dogs3. Ne has a major 
advantage over the commonly used DHP-CB nifedipine. 
It is insensitive to light so it can be used intra- 
venously more easily. Moreover, the combination of *p«0.05 vs control 

no tachycardia and maintained CO and CorBF after Nc 

during I anesthesia suggests that Nc might be the Figure 1. The hemodynamic effects of Nc awake 
DHP-CB of choice under these circumstances. A Agre- and during L-I and H-I. 

similar effect was seen in patients with N20 





Nicardipine Nicardipine 
ng/kg ug/kg 


ABSTRACTS ANESTH ANALG 975 
1986;65:51-5170 
Title: MYCCARDIAL METABOLISM AND HEMODYNAMICS IN HYPERTENSIVE CORONARY PATIENTS GIVEN FENTANYL-ENFIURANE 
ANESTHESIA. 
Authors: DD Imrie, EA Moffitt, AJ McIntyre, CL Cousins, CE Kinley, JA Sullivan, DA Murphy. 


Affiliation: Departments of Anaesthesia, Pathology and Surgery, Dalhousie University, Halifax, Nova Scotia, 


Canada. 


introduction.  Fentanyl-enflurane can induce mild 
hemodynamic depression but preserve myocardial oxygen 
balance in normotensive patients (pts.) having coro- 
nary artery bypass grafts (CABG) . ! During anesthesia 
blood pressure (B.P.) is often labile in hypertensive 
pts., so we studied the ability of this drug combina- 
tion to produce smooth hemodynamic control in 10 
treated hypertensive pts. Coronary sinus blood flow 
(CSBF), myocardial oxygen consumption (MVO2) and 
lactate extraction (MIE) were also measured. 


Methods. Informed consent and Ethics Committee 
approval were obtained. Six men and 4 women required 
CABG, but had normal ventricular function: mean 
EF=0.67, LVEDP=10 mm Hg, NYHA Class III - 8 and Class 
IV - 2 pts. Eight were taking betablocking and 4 Ca 
blocking drugs; 3 were also taking another antihyper- 
tensive drug. All drugs were continued until opera- 
tion. Mean age was 60.3 years and weight 74.6 Kg. 
After diazepam and morphine premedication (mean 12 
and 13.5 mgs), a radial artery cannula and 2 thermo- 
dilution internal jugular vein catheters were 
inserted under local anesthesia: one a PA catheter, 
one the Ganz catheter inserted into midcoronary sinus 
under fluoroscopy. Each study measured cardiac index 
(C.I.), CSBF, central and arterial pressures plus 
arterial and CS samples for Hb, O5 saturation, 
lactate content. Studies were done before induction, 
6 times during anesthesia and at 1 and 24 hours 
afterward. 


Induction began with 30 ug/kg of fentanyl IV, with 
O2-enflurane (mean conc. 1%) also needed in 7 pts. to 
reduce systolic pressure by 308 for 10 minutes before 
study 2.  Enflurane (up to 4$) was continued after 
intubation to keep B.P. normal. 


Mean + S.D. POST POST 
n= 10 ANDE INDUCTION  INTUBATION 
RATE 71513 71514 70211 
beats/min 
MAP mm Hg 103517 6729 73:14 
PC WEDGE mm Hg 16414 1128 9£5 
x x 

CI L/m/m? 2.9£0.7 2.420.4 2.4:0.4 
SWI gM/m? 72.3£19.1 36.8*8.8 — 41.1512.3 
SVR i x 

.5 1508+464 11284252 12574375 
dynes. sec. cm x 
CSBF ml/min 177289 123274 101455 
CSO. CONTENT + £2. .021. 
21/31 7.4t1.8 9,742 1 9.021 7 
MVO2 ml/min 17.148.9 9.3t6.9 7.3£4.2 
MLE % 32419 25119 28411 
HEARTS 
PRODUCING E i B 
LACTATE 


X p*.05 o <.005 


Results. Heart rate was unchanged on induction and 
intubation. Mean art. pressure (MAP) was reduced 
(103767) on induction, was kept normal during anesthe- 
sia and was below awake level postop. NTG drip was 
given to decrease B.P.: during bypass - 4 pts., post- 
bypass - 3 pts. C.I. remained decreased from induc- 
tion through the l hour study: PC wedge pressure fell 
before bypass only. Stroke work (SWI) fell 49* on 
induction and remained well below awake level. 
Systemic vascular resistance decreased only on induc- 
tion and increased after chest closure and at the 1 
hour postop study.  CSBF was higher than in the normo- 
tensive group,! before induction and after anesthesia. 
CS-O2 content increased 31% on induction and stayed 
elevated until sternotomy. MVO, decreased throughout 
anesthesia. MLE continued until sternotomy with 
production continuously present in 1 pt. from awake 
through bypass. ST depression (mean 3.5 mm), present 
in 6 pts. awake, decreased to 1.5 mm postinduction; 

4 other pts. developed ST segment elevation before 
bypass. 


Discussion. Even with preop antihypertensive 
regimens and heavy premed, B.P.'s were elevated before 
induction. With fentanyl-oxygen-enflurane induction, 
MAP and C.I. fell as did SWI, CBF and MVO,.  Labile 
B.P. was seen in 3 pts. and most required no NTG 
during anesthesia; only 3 pts. needed vasodilation 
postop. Other than 1 pt. with lactate production 
before bypass, MLE continued and ST segments improved: 
evidence of better oxygenation. This drug combination 
effectively maintained hemodynamic depression and 
myocardial oxygen balance during and after anesthesia 
in long term hypertensive CABG pts. 
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POST POST ICU 
STERNOTOMY BYPASS l HOUR 24 HOURS 
68213 7921) 77211 92212 
x x X 
86:12 72212 9528 92210 
1046 1024 Lit? 823 
2.140.6 2.540.5 2.140.8 3.140.8 
X x x 
42.7210.3 35.2£7.2 37.6:12.5 54.9£17.6 
Oo Oo 0 
17984625 11812441 19692494 12492448 
83251 129247 226£130 247285 
O x O 0 
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i 2 0 2 
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Introduction, Currently, the three techniques 
of autologous blood transfusion are predonation, 
intraoperative salvage and acute normovolemic hemo- 
dilution with intra or postoperative reinfusion. The 
advantages of hemodilution include the reinfusion of 
blood with functional platelets and coagulation 
factors, and possible reduction of surgical blood 
loss. Our aims were to examine the efficacy, safety 
and reliability of intraoperative automated acute 
normovolemic hemodilution (AANH) in patients under- 
going spinal fusion. 

Methods. Automated acute normovolemic hemo- 
dilution was performed in 12 consecutive patients 
undergoing spinal fusion with instrumentation for 
scoliosis. Institutional approval and individual 
informed consent were obtained. Following induction 
of anesthesia and placement of arterial and central 
venous or pulmonary artery catheters, the patients 
were placed in the prone position and AANH was per- 
formed. AANH was rapidly achieved using an IBM-2997 
blood cell separator (duration 35.3 + SE 2.5 min- 
utes). With the centrifuge bypassed, whole blood was 
removed from the patient via a central vein or arte- 
rial line, and anticoagulant added (ACD-A). Con- 
currently, lactated Ringers was infused via a venous 
line. The target hemodilution hematocrit was 20%. 
The blood was collected for storage at room tempera- 
tures (less than 6 hours) and was returned prior to 
the termination of surgery.  Cardiorespiratory and 
hematologic variables and urine flow were measured, 
In addition, a sequential pairwise retrospective 
study, based on body weight and preoperative angle of 
curvature, was undertaken to compare blood loss, and 
homologous blood component transfusions in patients 
undergoing similar surgery. Standard parametric and 
non-parametric statistical methods were used. 

Results. The results will be presented as 1) 
automated acute normovolemic hemodilution variables, 
2) hemodynamic and hematologic variables during sur- 
gery and 3) comparison between prospective and retro- 
spective series of the blood loss and homologous 
transfusion, The automated acute hemodilution pro- 
cedure variables for 12 patients (age 11.7 + 1.1 
years, weight 40.8 + 4 kg, blood volume 2.39 + 0.29 
liter) are listed in Table 1. The correlation 
between target and actual hematocrits was r = 0.75 (p 
< 0.05). The replacement rate was 99 + 8 ml/min and 
the ratio of crystalloid replaced to bTood withdrawn 
was 1.97 + 0.4. The immediate posthemodilution 
significant hemodynamic changes were central venous 
pressure and heart rate (FIGURE 1). 

Table 1: Automated acute normovolemic hemodilution 
procedure variables, mean + SE, n= 12 


Blood/ACD~A Crystal loid Hematocrit 
collected replacement Pre-dil. Post-dil. 
(liter) (liter) (1) (%) 
1.20 2.40 38.3 21.9 
*0.14 +0.30 + 1.3 + 0.7 


In the prospective series the intraoperative 


hemodynamic, respiratory, and hematologic variables 
were stable and urine flow adequate throughout in 10 


of 12 patients (FIGURE 1). The immediate 
postoperative hematocrits ang platelets were 28.7 + 
1.2% and 263 + 31 (x 10°), respectively. The 
pairwise retrospective study demonstrated (age 16.4 + 
2.4 years, weight 46. 4 + 4,2 kg) that hemodilution 
reduced blood loss and reduced or eliminated 
transfusion of homologous blood or components (mean + 
SE) (TABLE 2). In addition, the duration of surgery 
in the retrospective and prospective studies were 
8.03 + 0.52 and 5.68 + 0.54 hours (p < 0.01), 
respectively. In both series there were 2 lumbar 
meningomyelocele patients who had massive blood loss, 
and homologous blood and component transfusions. 
Their hemodynamic, hematologic and blood transfusion 
data were similar. 
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Table 2: Retrospective and prospective series 








Blood Homologous Blood 
loss Components: Units 
Series (liter) PRBC FFP Platelets 
Retrospective 5.49 8.6 1.8 1.2 
n= 10 40.98 — 41.6  +0.7 40.8 
Prospective 1.70 «1 0 0 
n= 10 +0.39 0 0 0 
p value <0.005 <0.001 «0.025 «0.01 





Discussion, The data showed that acute normo- 
volemic hemodilution was well tolerated in major 
surgery. There were no complications associated with 
the hemodilution, monitoring or the anesthetic tech- 
nique. The postoperative hematocrits and platelet 
counts were satisfactory. Furthermore, automation of 
this protocol using the IBM-2997 or similar device 
was demonstrated to improve speed, safety and provide 
accurate control of the hemodilution process. 
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Introduction: The pharmacological profile of pa- 
tients undergoing CABG and VALVE surgery is dis- 
tinctly different (1,2). The effect of B-blockers, 
digitalis and diuretics on serum potassium levels 
during the CPB have been studied (1,2). However, 
the influence of these drugs on the post-operative 
requirements have not been compared. The purpose 

of this study is to compare the peri-operative fac- 
tors influencing potassium requirements during post- 
operative period between CABG (B-blocker-pretreated) 
Vs Valve (digitalis-pretreated) patients. 

Methods: The charts of 93 patients who underwent 
elective CABG and 54 patients who underwent Valve 
replacement (mitral and Aortic) during one year were 
reviewed. The preoperative drug profile, intra- 
operative and post-operative data was collected, 

All patients were premedicated with morphine 0.1 
mg/kg and Diazepam 0.2 mg/kg one hour prior to sur- 
gery. Anesthesia was induced with incremental doses 
of morphine, diazepam and thiopental.  Tracheal in- 
tubation was achieved with succinylcholine.  Anes- 
thesia was maintained with 09, N20 (50%) and 
enflurane 12-242. CPB was established in standard 
fashion. Plasmolyte (2500 cc) was used as priming 
solution, Myocardial preservation was accomplished 
with cold Kt cardioplegia 930 mEq/L). Mannitol 

or KCl was not infused during CPB. Fluids and blood 
were given as required during CPB separation. At 
the end of surgery all patients were mechanically 
ventilated in TCU. CPB time, urine output in oper- 
ating room, urine output in ICU for 24 hrs., and 
total potassium replaced for 24 hrs. in ICU were 
recorded. PH and PCO4 were maintained within 
normal limits. The data was then compared between 
CABG and Valve patients utilizing student's 't' 
test. 

Results: Results are given in the tables below. 
Discussion: Changes in the serum potassium levels 
during and after open heart surgery have been ex- 
tensively studied (1). Recently, paradoxical in- 
crease in serum potassium during CPB has been re~ 
ported in B-blocked patients (2). However, the 
extension of this effect into the post-operative 
period has not been reported. Our study indicates 

a significantly higher potassium requirement among 
CABG patients compared to valve patients. This may 
be due to the influence of B-blockers on Kt homeo- 
stasis, by inhibiting the influx of Kt into the 


muscle cells subjecting the cation for excessive 
urinary loss (2). The need for K* replacement in 
our patients on digoxin and diuretics is consistent 
with the earller findings (1). 

A linear relationship between the CPB time and Kt 
replacement has been shown in the previous studies 
(1). A similar finding has been observed in our 
study indicating excessive Kt requirements in CABG 
patients who had prolonged CPB time. Also, a de- 
creased requirement was seen in valve patients 
with a decreased CPB time. The urine output both 
in the operating room and in ICU has been signifi- 
cantly higher. in CABG group in our study. Although 
the exact reason for this is not clear, this might 
have resulted in an increased urinary loss of K 

in this group. 

Thus, our study reveals a significantly higher Kt 
requirement in patients who have been on B-blockers 
(CABG) compared to patients on digoxin and diuretics 
(valve). Also, the CPB time, urine output in OR and 
in ICU have significant influence on the KT re- 
quirements in the post-operative period. 

Results: 

Table 1. Comparison of Preoperative Profile 
between CABG vs Valve Patients 


CABG Valves 
=93 nz54 
Beta-blocker 75 (80.652) -0- 
Hydrochlorothiazide 24 (25.812) ~-0- 
Digoxin + Furosemide  -0- 36 (66.672) 
Age [mean] 57.91 53.09 


Table 2. Comparision of Factors affecting K+ 
replacement between CABG vs Valve patients 


CABG ‘ Valves t P 
Factor (n=93) (n=54) value value 
K+ replaced 50.16- 3.60 35.834 4.24 2.50 0.014 
(in 24 hrs) 
CPB time 97.95 3.22 77.94+ 4.42 3.74 0.000 
U.O. (OR) 929.34 62 549 .59+44 4.95 0.000 
U.O. (ICU) 1876.62+103 1424.27--65 3.69 0.000 


References: 1. Babka R, Pifarre R; Potassium re- 


placement during cardiopulmonary bypass. J Thorac 
Cardiovasc Surg 73:212-215, 1977 

2. Bethune DW, McKay R: Paradoxical Changes in 
serum potassium during cardiopulmonary bypass in 
association with non-cardioselective Beta-blockade. 
The Lancet 2:380-381, 1978 
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Introduction: The requirements for potassium vary 
widely in the immediate period following CABG sur- 
gery (1). Although the reasons for thís are multi- 
factorial the effect of perioperative factors on 
these requirements have not been studied in patients 
undergoing CABG surgery. The purpose of this study 
is to analyze the influence of perioperative factors 
on the postoperative potassium requirements in 
patients undergoing CABG surgery. 

Methods: The charts of 93 patients who underwent 
elective CABG surgery during one year were reviewed. 
All patients were premedicated with morphine 0,1mg/ 
kg and diazepam 0.2mg/kg one hour prior to surgery. 
Ànesthesia was induced with incremental doses of 
morphine, diazepam and thiopental.  Tracheal in- 
tubation was carried out wíth succinylcholine. 
Anesthesia was maintained with 05, N50 (502), 
enflurane (1-22) and pancuronium bromide. CPB was 
instituted in the standard fashion. Plasmolyte 
(2500cc) was used as a priming fluid in the bubble 
oxygenator. Systemic hypothermia (24-269c) was 
maintained. Myocardial preservation was accom- 
plished with intermittent infusion of clear cardio- 
plegia (30 mEq/L) at 4°C. Arterial blood gases, 
urine output and serum were measured during 

CPB, Potassium was not infused during CPB. Fluids 
and blood were given as required during CPB separa- 
tion. Following surgery, all patients were admitted 
to SICU and routine blood work was done including 
serum Kt, Potassium was given intravenously for 
serum levels below 3-5 mEq/L. The total Kt re- 
placed during the next 24 hours was measured. CPB 
time, urine output in the operating room and in ICU 
were measured. Patients were then divided into two 
groups viz:diabetics/nondiabetics:Diuretic/non- 
diuretics and data was analyzed for differences in 
the K* requirement. Also the effect of CPB time, 
urine output in OR, and in SICU, on the total Kt 
replaced was analyzed. Data was analyzed utilizing 
Pearson's correlation coefficient, "t" test on 
Pearson's r-value. 

Results: Please see tables, 

Discussion: In the previous studies prior to the 
use of cold K* cardioplegia, the requirements for 
K* have been high during the postoperative period 
(113 mEq/L) (1). In our study, the potassium re- 
placed during the first 24 hours after surgery ís 
50.16 + 3.6 mEq/L. This decreased requirement may 
be due to the use of cold Kt cardioplegia solu- 
tion. Persistent hyperkalemia following the use of 
Kt cardioplegia has not been reported (2). How- 
ever, hyperkalemia at the termination of CPB has 
been reported in a large number of diabetic patients 
due to derangements of Kt homeostasis (3). No 

such incidents were recorded in our diabetic pa- 


tients. The Kt requirements between diabetic and 
nondiabetic patients were not significantly dif- 
ferent in: our study. Similarly, the Kt replaced 
in our patients who were on prior diuretic therapy 
was not excessive compared to nondiuretic patients. 
Excessive urinary loss of potassium has been re- 
ported in the diuretic group in the previous study 
(1). 
Contrary to the findings of Babka, CPB time, urine 
output in OR and SICU have no significant effect of 
the total Kt replaced in our study. Most of the 
previous studies included patients with mixed pro- 
cedures viz, CABG, MVR, AVR. Majority of our CABG 
patients were on combination treatment of beta- 
blockers and thiazides. Whether or not this in- 
fluenced the Kt homeostasis in our study is 
hypothetical. 
In summary, our data indicate that the variables 
analyzed (diabetics/diuretic/CPB time/urine output 
OR/urine output SICU) have no significant effect on 
the Kt replaced during the first 24 hours follow- 
ing CABG surgery. 
Table 1. Analysis of K* requirements in CABG 
patients: Influence of Diabetes and Diuretics.’ 
Immediate K+ Pear- t 
Pre-op K+ Postop K+ Replaced son's test 


r 
Diabetics 4.2040.1 3.8940.14 47.2248.47 -0.42 2.0 


(n=18) 

Non-diabe- 4,2040.05 3.664+0.10 33.6745.06 -0.58 0.36 
tics(n=75) 

Diuretics  4.0240.83 3.50+0.08 56.67+7.52 -0.50 0.74 
(n227) 


Non-diure- 4.2940.05 3.704+0.08 48.86+4.15 -0.58 0.39 
tics(n=66) 


Table 2. Analysis of CPB time and urine outputs on 
K+ requirements (N=93) in CABG patients. 





CPB time Urine output Urine output K+ re~ 
(OR) (SICU) placed in 

24 hrs 
97.9543.22 929 .34+62 1876.62+103 50.16+3,60 


(Pearson's r}: 

0.06 0.21 0.14 
(Multiple correlation coefficient R=0.28, R4-0.08) 
References: 1. Babka R, Pifarre R: Potassium re- 
placement during cardiopulmonary bypass. J. Thorac 
Cardiovasc Surg 73:212-215, 1977 
2. Azar I, Satyanarayana T, Turndorf J: Urine and 
serum potassium levels after potassium cardioplegia, 
J. Thorac Cardiovase Surg 81:516, 1981 
3. Weber OD, Yarnoz DM: Hyperkalemia complicating 
cardiopulmonary bypass: analysis of risk factors, 
Ann Thorac Surg 345:439, 1982 
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Introduction 

During orthotopic liver transplantation, 

revascularization of the implanted liver has been 
associated with a number of untoward cardiovascular 
and hemodynamic sequelae, including hypotension, 
ventricular dysrhythmias, and cardiac arrest. 
The cause of the consistent hypotension, in the 
absence of dysrhythmias, noted upon 
revascularization remains unknown, although 
transient depression of the cardiovascular system 
secondary to the release of acid metabolites from 
previously clamped vascular beds and the release of 
K* and cold perfusate from the donor liver has been 
postulated (1). 
: In our patients, hypotension has been most 
consistent and significant following reperfusion of 
the portal vein despite adequate filling pressures, 
normal blood gases, ionized calcium and K+, 

A hypothesis currently being investigated is 
that gut ischemia during the anhepatic phase could 
result in accumulation of vasoactive substances in 
the portal system that, upon release, cause 
hypotension. Vasoactive Intestinal Peptide (VIP) 
and Neurotensin (NT), both present in the gut, 
have been shown to cause severe hypotension 
(2,3).The measurement of VIP and NT was undertaken 
to determine if they could contribute to the blood 
pressure changes. The preliminary results are 
reported. 


Methods 

Institutional approval was obtained for the 
study. During liver transplantation, the following 
specimens were X obtained: Specimen I, arterial 
baseline following induction of anesthesia; II, 
portal venous sample obtained shortly after 
clamping of portal vein; IIl portal venous sample 
just prior to unclamping; IV arterial sample one 
minute after unclamping; V arterial sample three 
minutes after unclamping; VI arterial sample five 
minutes after unclamping. A RIA was performed 
for VIP and NT. 


Results 
VIP Concentrations (pg/ml)? 
Specimen I II III IV V VI 





I 225 32.5 40.0 32.5 27.5 30.0 
2 15.0 32.5 30.0 15.0 11.2 7.5 
3 35.0 40.0 40.0 32.5 30.0 35.0 
4 5.0 0.0 15.0 15.0 17.5 15.0 
Mean 19.5 26.3 31.3 23.8 21.6 18.1 


t + = t t 
SEM 6.3 8.9 5.9 5.0 4.4 3.9 


P Value 0.3 0.3 0.6 0.6 


NT Concentrations (pg/ml)* 





I n IIl IV V Vi 
l 31.0 20.0 15.6 21.8 16.2 19.5 
2 24.0 17.0 15.6 22.5 21.0 24.0 
3 219 18.0 17.3 13.5 17.5 17.3 
4 16.0 22.5 15.0 15.0 6.3 12.5 
5 160 7.5 34.0 12.0 13.5 120 
6 18.0 17.0 5.0 138 11.3 
7 24.0 25.0 16.0 14.0 11.0 
Mean 21.5 17.0 19.9 15.1 14.6 15.3 
t + t t + x 
SEM 2.0 2.5 2.6 4.2 1.7 1.9 
P Value N.S. .008 .007  .012 





a) Average of 2 determinations 
b) Student's paired 2-tailed t-test 
Discussion 


All patients experienced a drop of 20 to 
30 mmHg systolic blood pressure upon unclamping of 
the portal vein. These drops in blood pressure 
were seen despite volume loading, and correction of 
acid-base and electrolyte abnormalities prior to 
unclamping. The results clearly fail to implicate 
VIP and NT as contributing factors in reperfusion 
hypotension. Comparison of samples JI and HI 
shows no significant increase in VIP and NT 
concentrations of portal venous blood during portal 
vein clamping. Likewise, comparison of sample I 
with samples IV, V, and VI shows no increase 
in systemic VIP and NT concentrations after portal 
vein unclamping. In addition, all of the measured 
VIP and NT concentrations were within normal limits 
(«50 pg/ml). 
References 
l, Carmichael FJ,  Lindop MJ, Farman JYV. 
Anesthesia for hepatic transplantation: 
Cardiovascular and metabolic alterations and their 
management. Anesth Analg 1985; 64:108-116. 
2, Whitman JG. APUD cells and the apudomas. 
Anaesthesia 1977; 32:879-888. 
3. Rioux F, Kerouac R, Quition R, St.-Pierre S. 
Mechanism of the cardiovascular effects of 
neurotensin, Ann NY Acad Sci 1982; 400:56-74. 
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Introduction: Intraoperative monitoring of 
somatosensory evoked potentials (SSEP) can provide 
information about the integrity of sensory tracts 
at risk during spinal surgery. It may also warn of 
neurologic depression caused by hypoxia or hypoper- 
fusion. Anesthetic agents have been shown to cause 
changes in SSEP responses +2 but not all of these 
effects have been well defined. Sodium thiopental 
is a commonly used induction agent in patients 
undergoing intraoperative monitoring and during 
several studies of the effects of other agents on 
SSEP.3 This study was designed to investigate the 
effects of a single dose of sodium thiopental on 
the latency and amplitude of the median nerve SSEP. 


Methods: Nine ASA Class I and II patients 
scheduled for lumbar surgery with intraoperative 
SSEP monitoring were studied using this institu- 
tionally approved protocol. Unpremedicated patients 
had intravenous lines established and the calculated 
overnight fluid deficit was replaced. Monitoring 
included an electrocardiogram, blood pressure cuff, 
end-tidal C05, and precordial stethoscope. 

Cortical (C3', C4' to Fz) and cervical (second 
cervical vertebra to Fg) median nerve SSEP were 
recorded using two hundred fifty repetitions of 
unilateral stimulation. Stimulation at 5.7 or 8.7 
Hertz using a bar electrode at the wrist was with 300 
microsecond constant current pulses at 1 milliamp 
above motor threshold. The responses acquired from 
collodion affixed disc electrodes (shoulder ground) 
were filtered (bandpass 5-250 H,) and averaged over 
50 milliseconds using a Nicolet CA-1000. Baseline 
reponses were obtained in duplicate and then the 
patients were given thiopental 4 mg/kg intravenously 
over 30 seconds. SSEP responses were recorded every 
minute for at least eight minutes until the patient 
began to awaken. During the recording period, 
ventilation with 40% oxygen in air was assisted by 
mask to maintain end-tidal p00, 40-45 torr. No 
patient had significant blood pressure or pulse 
swings during the study period. SSEP recordings 
were analyzed to obtain the post stimulus latency 
of the cervical response and of P4 (17 msec), N 
(20 msec), and P2 (26 msec) waves of the cortica 
response. Amplitude was measured peak to trough 
(N4 to P5) of the cortical response. SSEP latencies 
and amplitudes at 0,4,8 and 12 minutes were compared 
using the Friedman two-way analysis of variance; 
differences were confirmed with Wilcoxon matched- 
pairs signed ranks test. 


Results: Shown in Figure 1 are the average 
cervical and cortical P4, Ny and P4 absolute laten- 
cies for these patients during the study period. A 
statistically significant difference (p<0.02) was 
seen in the latencies of the cortical P4 and Nj 


responses. The average amplitude remained the same. 
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Figure 1. Average latencies in milliseconds versus 
time in minutes: A. Cortical Py B. Cortical Ny 
C. Cortical P] and D. Cervical P1. 


Discussion, Clinical experience has indicated 
that sodium thiopental bolus during anesthesia is 
associated with a moderate change in the SSEP. 
This study suggests the effect of thiopental in 
unanesthetized and unpremedicated healthy patients 
is much less dramatic. Since essentially no change 
occurred in the response measured over the cervical 
spine, this location may be an excellent location 
for recording during bolus injections of this agent. 
The noted alterations in the cortical SSEP latency 
suggest the primary effect of thiopental is on 
neural conduction cephalad to the cervical spine. 
Further, the absence of significant amplitude re- 
duetion suggests a lesser effect on cortical neuro- 
nal function., This is compatable with a significant 
effect of thiopental on brainstem function. 


References 

1. Clark, DL and Rosner, BS: Neurophysiologic 
effects of general anesthesia. Anesthesiology 38: 
564-579 and 39:59-80, 1973. 
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24:650-657, 1963. 

3. Pathal, KS, et al: Effects of fentanyl and 
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evoked potentials. Anesth Analg 62: 841-845, 1983. 
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Introduction. Intraoperative monitoring of 
somatosensory eVOked potentials (SSEP) has gained 
acceptance as a monitoring tool in spinal surgery. 
Anesthetic agents can adversely affect the SSEP 
signals. A narcotic based anesthetic technique 
is thought to have the least depressant effect, 
Sufentanil, a recently released synthetic narcotic, 
is gaining acceptance for anesthesia in these oper- 
ations, but its effects on SSEP have not been 
delineated. This study was undertaken to define 
those alterations subsequent to a 5 moeg/kg dose 
of sufentanil. 


Methods. This institutionally approved study 
included fifteen ASA Class I & II patients, age 
24-55, scheduled for lumbar or thoracic spinal 
surgery with SSEP monitoring. These patients were 
not given premedication and had their overnight 
fluid deficit replaced. Disc recording electrodes 
were secured using collodion at Fz, C3’, and C4' of 
the International 10-20 system as well as posterior 
to the second cervical vertebra. Stimulation at 
8.7 Hertz was accomplished using 300 microsecond 
constant current impulses over the median nerve at 
the wrist using a bar electrode and current 1 milli- 
amp above motor twitch. Two hundred and fifty res- 
ponses were filtered (5-250 Hertz), amplified and 
averaged on a Nicolet CA 1000 signal averager. 
After recording duplicate baseline responses, anes- 
thesia was induced with sufentanil 5 mcg/kg over 
30 seconds and pancuronium 0.02-0.12 mg/kg as needed 
to ease chest wall rigidity. Ventilation was assis- 
ted or controlled with 100% oxygen to keep end- 
tidal C0, between 35-45 torr. Heart rate, blood 
pressure, and SSEP were measured at 1,2,3,4, 5,6,7, 
8,9,12,15,18,21,24,27, and 30 minutes. At the end 
of the study period intravenous valium 10 mg and 
"iC rue 0.4 mg were given, and isoflurane 
(0.2-0.42) begun. The response recorded over the 
cervical spine at 15 milliseconds (msec) and the 
three cortical waves, P4 (17 msec), Ny, (20 msec), 
and P9 (26 msec), were analyzed for changes in 
latency. Cortical amplitude was calculated from 
Ny; (trough) to Py (peak). All were compared at 
baseline, and at 8, 12, 18 and 24 minutes using the 
Friedman two-way analysis of variance. Differences 
were confirmed with a signed ranks test. 


Results. Shown in Figure 1 are the average 
latencies of the four peaks measured, The latency 
increases of cortical waves N, and P4 were statis- 
tically significant (p < 0.01). 

Of the fifteen patients studied, twelve pa- 
tients had a decreased cortical amplitude and two 


had an increase. The average amplitude tended to 
decrease to approximately 60% of the baseline val- 
ue which was statistically significant (p < 0.01). 


Discussion. The changes demonstrated in this 
study occurred during the first 8 minutes, following 
which the latency and amplitude were stable.  Al- 
though statistically significant, the increase in 
latency was only 1-2 milliseconds. Amplitude re- 
duction did not interfere with signal acquistion. 
These observed changes are thought not to be caused 
by fluctuations in blood pressure, ventilation or 
temperature as these physiological variables were 
not significantly altered during the study period. 

Subsequent monitoring of posterior tibial 
nerve SSEP in these patients was accomplished eas- 
ily using this baseline anesthetic technique. The 
above changes suggest that alterations in SSEP due 
to sufentanil are most likely to occur early fol- 
lowing moderate bolus delivery, and subsequently 
remain stable. 
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Figure 1. Average latency (+ SEM) following 
5 meg/kg sufentanil bolus. 
A. Cortical P5, B. Cortical Ny, 
C. Cortical P1, D. Cervical P4 
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Introduction: Diazepam alone produces minimal 
hemodynamic changes, but decreases in mean arterial 
pressure (MAP), systemic vascular resistnce (SVRI), 
and sometimes cardiac index (CI) have been reported 
when diazepam was used in combination with 
fentanyl.i:2 Sufentanil has recently become avail- 
able for clinical use, but the hemodynamic effects 
of the combination of sufentanil and diazepam have 
not been reported. The purpose of this study was to 
compare its hemodynamic effects to those of diazepam 
fentanyl anesthesia. 

Methods: Seventeen patients undergoing 
coronary artery surgery were studied after insti- 
tutional approval. The patients with moderate to 
seyere left ventricular dysfunction or patients with 
hypertension were excluded. All monitoring lines 
were placed prior to induction of anesthesia. Heart 
rate (HR), systolic arterial pressure (SAP), MAP, 
pulmonary capillary wedge pressure (PCWP), central 
venous pressure (CVP) and cardiac output were 
monitored. CI, stroke volume index (SVI), left 
ventricular stroke work index (LVSWI), SVRI and 
pulmonary vascular resistance index (PVRI) were 
calculated using standard formulae. Patients were 
preoxygenated. Following pretreatment of 1 mg of 
pancuronium (i.v.): Group 1 (S-D:ns7) received 10 
ug/kg of sufentanil, and Group 2 (F-D:n=10) received 
50 pg/kg of fentanyl both mixed with 0.1 mg/kg of 
pancuronium during a 4-6 minutes period intra- 
venously. Subsequently, small increamental doses of 
diazepam (0.025 mg/kg) were administered up to 0.1 
mg/kg for all patients. Patients received 3.3 + 0.8 
ml/kg of intravenous fluid prior to and during 
induction of anesthesia. Hemodynamic measurements 
were made prior to induction (C), following ad- 
ministration of sufentanil with pancuronium or 
fentanyl with pancuronium (DO), after 0.025 mg/kg 
(D1), 0.05 mg/kg (02), 0.0725 mg/kg (D3), and 0.1 
mg/kg diazepam (D4). In order to characterize the 
effect of diazepam superimposed on sufentanil or 
fentanyl, the changes of hemodynamic variables were 
expressed as percents of the values at DO. Changes 
of trends were examined using tests for linear trend 
between % changes in variables and cummulative doses 
of diazepam. 

Results: There were no differences in all 
variables between the two groups at (C). Following 
administration of sufentanil or fentnayl, hemo- 
dynamic variables changed but there were no differ- 
ences between the groups except SAP and MAP were 
higher in group 2. As the dosages of diazepam 
increased HR, MAP, PCWP, MAP, SVI and LVSWI decreas- 
ed linearly in both groups (Table 1). SAP, MPAP and 
CI decreased linearly as the doses of diazepam 
increased, but there were significant differences in 
trends in those variables between the groups (Table 
2). The slopes of SAP, MAP in group 2 were steeper 
than in group 1. The slope of CI in group 1 was 
steeper than in group 2. SVRI increased linearly in 
group 1 while unchanged in aroup 2 and there were 
significant differences in values at D3, D4 (Group 
1: 109%, 114%, Group 2: 98%, 104%, respectively). 
CVP and PVRI did not changed following administra- 
tion of diazpam. 


Medical College, Westchester County Medical Center, 


Discussion: Our resuits suggests that the use 
of diazepam as an induction agent following 
sufentanil may cause dose related decreases in MAP 
and CI. The decrease of CI can be attributab!e to 
the decrease in preload and direct myocardial de- 
pression. An increase in SVRI induced by hypotension 
may lead to a vicious circle, aggravating myocardial 
depression. Diazepam following fentanyl also 
decreased MAP associated with a decrease in CI most 
likely due to both a decrease in preload and 
myocardial depression as the dosage of diazepam 
increased. Tomicheck? et al reported that diazepam 
in combination with fentanyl produced a decrease in 
MAP due to a decrease in SVRI without any changes in 
CI while a constant PCWP was maintained by fluid 
management (10-15ml/kg). Our patients received only 
3.3 ml/kg of fluid during the peri-induction period. 
Therefore, the diffrence of the result can be 
attributable to the difference in fluid management. 
Since a very small dose of diazepam in combination 
with sufentanil or fentanyl produced significant 
hemodynamic changes and its changes were related to 
the dosage of diazepam, an intravenous administra- 
tion of diazepam should be titrated with a small 
incremental dose (0.025 mg/kg) and fluid management 
is recommended during induction of anesthesia. 

Reference: 
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Table 1. Linear trend between % changes in 
hemodynamic variables and cummulative doses of 


diazepam in over all patients. 


Regression line r p Est. value 

at D4 (% 
HR --2.43x41103.7 -0.73 «0.001 92 
PCWP =-4,19x+101.9 -0.74 «0.0001 81 
MAP --3.69X«102.9 -0.77 <0.0001 84 
SVI y--2.73x*102.5 -0.71 <0.005 89 
LVSWI =-5.67x+104.9 -0.78 «40.0001 77 


Table 2. Linear trend between X changes in 
hemodynamic variables and cummulative doses of 


diazepam. 


Est. value 
at D4 (X 
SAP Gl ys-3.02x1102.3 -0.70 «0.05 87 
G2 y--4.71x*104.5 -0.85 <0.001 80 
CI Gl: y=-5.14%+103.8 -0.91 <0.005 78 
G2 y=-4.99x+106.9  -0.92 <0.0001 82 
MPAP Gl y=-2.72x+ 99.3  -0.81 <Q.05 86 
G2 yz-4.43x*4103.3  -0.96 <0.0001 81 
SVRI 61 y=+3.40x+ 96.5 +0.80 «40.05 114 
G2 .  -------- -0. 40 NS 100 


Regression line r p 


Est. value: estimated value from regression line 
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Introduction Following protamine sulfate (PS) 
administration, significant decreases in systemic 
vascular resistance (SVR) have been reported (1) 
and in patients with pulmonary hypertension (PAH), 
catastrophic pulmonary vasoconstriction has been 
observed (2). Thromboxane (TxA2), a potent 
vasoconstrictor, is capable of producing increases 
in pulmonary vascular resistance (PVR). 
Conversely, prostacyclin, a potent vasodilator, 
could cause a decrease in SVR. In vitro and animal 
studies suggest that heparin-protamine complexes 
stimulate thromboxane synthesis (3). This study 
was designed to test the hypothesis that heparin- 
protamine complexes activate the arachadonic acid 
pathway, and that the products of these pathways 
are responsible for the observed hemodynamic 
reactions from protamine administration. 


Methods After institutional approval and 
informed consent was obtained from each patient, 
ten adults with pulmonary hypertension (mean 
pulmonary arterial pressure at cardiac 
catheterization > 30 mmHg) undergoing elective 
mitral valve replacement were studied. Patients 
taking known cyclooxygenase inhibitors or who were 
septic were excluded from the study. Anesthesia 
was induced with fentanyl 50-100 mcg/kg, 
pancuronium 0.025 to 0.1 mg/kg and/or metocurine 
0.1-0.4 mg/kg. The patients were monitored with 
EKG leads II, V5, and radial arterial and pulmonary 
arterial catheters.Baseline hemodynamic 
measurements and arterial blood for thromboxane and 
prostacyclin analysis were obtained after the 
termination of cardiopulmonary bypass. PS was 
infused at 0.8 mg/kg/min via the central venous 
port of the Swan-Ganz catheter, One mg of PS was 
administered for each mg of heparin that had been 
given. Hemodynamic and prostanoid measurements 
were obtained 5, 10, 15, and 30 minutes after the 
PS infusion was started. Throughout the study 
period, left atrial filling pressures were 
maintained at a constant level by infusion of 
autologous blood. Plasma measurements of 
circulating stable metabolites of thromboxane Ag 
and prostacyclin, thromboxane Bj(TxB5) and 6-keto 
PGF],,, respectively, were performed by a 
double-antibody radioimmunoassay(4). Data are 
expressed as mean + 1 SE. Significance was tested 
by the Student's paired t-test. 


Results As shown in the table, there were no 
significant changes in either prostanoid level 
during the study period. However, one patient 
started with an elevated baseline of TxB2 and 
within 5 minutes doubled the level in response to 
protamine (0.650- 1.200ng/ml). Five minutes after 
PS, this patient also had an elevated 6-keto PGF yg 
level (0.720ng/ml). No patient had a significant 


hemodynamic response to the PS administration and 
there were no changes in heart rate, SAP, pulmonary 
artery pressure, cardiac output, SVR, and PVR. 


Discussion In our study, no serious 
hemodynamic reactions to protamine were noted, and 
no significant changes in prostanoid levels were 
observed due to the large standard errors. Of 
particular note, one patient had a grossly elevated 
TxB9 baseline level which subsequently doubled 
after PS, yet the patient manifested no hemodynamic 
instability. Perhaps there were no hemodynamic 
problems because of the concurrent increase in 
6-keto PGF]... In patients who have experienced 
hemodynamic reactions to protamine, it is possible 
that no compensatory rise in this compound occurred. 
It is clear from this patient that not every rise 
in TxA9 will lead to hemodynamic compromise, and 
that caution must be exercised in assigning a 
causitive role for TxAg in protamine~induced 
pulmonary vasoconstriction. Studying a larger 
population of patients receiving protamine 
intraoperatively will serve to form a rational 
basis for better understanding of this untoward 
drug reaction, and designing the most appropriate 
therapy for its treatment or prevention. 
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TABLE Prostanoid Levels 


TxB4 (ng/ml) 
Baseline 5 min 10 min 15 min 30 min 


0.24*.05 0.40+.13  0.36*.08 0.33+.06 —0.25*.07 


6-keto-PGF|i,, (ng/ml) 
Baseline 5 min 10 min 15 min 30 min 
0.21+.07 0.20+.08 0.16*.04 0.15+.05 Q.15+.05 





all non-significant 
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INTRODUCTION other hand, was substantially below the A tension 


Due to its low solubility in blood, induction with 
isoflurane can be achieved readily with rapid rise in 
end-tidal and arterial tensions. ' * However, uptake 
into and equilibration with individual organ 
compartments has not been studied. This is 
particularly relevant for the brain since this is the 
organ where the anesthetic exerts its action. 
Moreover, since isoflurane may have a brain 
protective effect, it is important to know the time 
course required for the brain to achieve equilibrium 
with the arterial tension of isoflurane. This study is an 
attempt to address this issue by studying the arterial 
cerebral venous difference in isoflurane tension during 
wash in. 


Method 


The study was approved by the institutional Human 
Ethics Committee. Six patients (ages 41-73) 
undergoing craniotomy for cerebral aneurysm surgery 
were included in the study. In all patients anesthesia 
was induced with fentanyl 1-2ug*kg ', thiopental 4-6 
mg-ekg ', and endotracheal intubation was 
accomplished following the administration of lidocaine 
1.5 mg*kg ' and succinylcholine 1 mg-kg '. Patients 
were then mechanically ventilated with an air/oxygen 
mixture, with an end-tidal CO; between 32 and 

34 mmHg. Anesthesia was maintained with 
intermittent doses of fentanyi, thiopental and 
pancuronium until isoflurane was introduced as 
described below. Following placement of appropriate 
monitors including ECG and arterial catheter, a 16 
gauge catheter was placed in the internal jugular bulb 
by cannulating the right internal jugular vein and 
advancing the catheter in a retrograde fashion. Blood 
sampled from this catheter was deemed to reflect 
cerebral venous drainage. Following stabilization of 
the patient, isoflurane was administered at an inspired 
concentration of 1.35% and simultaneous arterial {A) 
and cerebral venous (CV) samples were collected at 
times O, 1, 3, 5, 10, 20, 32, and 45 mins after 
administration of isoflurane. In addition, in 5 patients 
simultaneous cerebral spinal fluid (CSF) samples were 
also obtained from the lumbar subarachnoid catheter 
for the determination of the CSF tension of isoflurane. 
The inspired isoflurane concentration was monitored 
with mass spectrometry and the A, CV and CSF 
samples analyzed with gas chromatography. Data 
from all 6 patients were pooled, and two-way 
analysis of variance was used to assess differences 
between A, CV and CSF samples. 


Results 


The rise of A, CV and CSF tension expressed as a 
fraction of inspired tension is shown in the figure. As 
expected, there was a rapid rise in A tension, 
followed by the CV tension with the CSF tension 
lagging behind. In ali 6 subjects, the CV tension 
approximated A tension between 20 to 32 mins and 
there was no statistical difference between A and the 
CV tension from 20 mins on. The CSF tension, on the 


even after 45 mins. Similar observation had been 
reported recently.? 


Discussion 


Assuming that the CV samples were not 
contaminated by systemic venous values, the 
equilibration between A and CV tension implies 
equilibration with the brain with no further uptake of 
isoflurane. That contamination likely did not occur 
was supported by the fact that arterial cerebral 
venous equilibration occurred in all 6 subjects within 
a time frame inadequate for arterial systemic venous 
equilibration. The actual time required for brain 
equilibration for any individual patient is dependent on 
cerebral blood flow, solubility of isoflurane in the 
brain and the brain mass. Although CBF was not 
studied, this was assumed to be normal since all 
patients were neurologically intact preoperatively and 
were not suspected to have any flow impairment. In 
addition, previous studies in humans suggest that CBF 
is unchanged by isolfurane at this depth. Although 
intra-cerebral regional distribution was not addressed 
in this study, we conclude that the brain as a whole 
compartment is equilibrated with arterial blood within 
20 to 32 mins of isoflurane administration. Lumbar 
CSF tension, on the other hand, lags substantially 
behind and does not reflect brain tension. These data 
further suggest that if the brain protective aspect of 
isolfurane is to be exploited, optimal protection can 
be achieved after 20 mins of isoflurane 
administration. 
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INTRODUCTION latencies returned to normal at the end of the 


Intraoperative monitoring of somatosensory evoked 
responses (SSEP) can provide important information 
during procedures where the central nervous system 
is at risk. However, it is necessary to delineate the 
influence of anesthesia and body temperature in order 
to allow intelligent interpretation of intraoperative 
SSEP recordings. Provided that anesthetic depth is 
maintained constant, the influence of anesthesia may 
be reasonably discounted, but body temperature may 
not be as easily maintained constant. The effect of 
mild hypothermia on SSEP has recently been 
investigated showing little influence when the body 
temperature did not fall below 35°C.' Below this 
temperature, however, the latencies increased 
significantly.” In this study we assess the feasibility 
of monitoring SSEP during hypothermic cardio- 
pulmonary bypass and the influence of temperature 
on SSEP latency and amplitude. 


Method 


The study was approved by the institutional 
Ethics Committee and SSEP was recorded from 10 
patients undergoing coronary artery bypass graft 
surgery. A Nicolet CA 1000 averager was used for 
the recording of SSEP. Recording electrodes were 
placed on the parietal cortex (C3', C4"), Erb's point, 
and C; spine in reference to forehead. The median 
nerves were stimulated with a square wave at 200 
asec duration and 15 mamp intensity using Grass 
needle electrodes. At least 256 responses were 
averaged. Bilateral recordings were initially obtained 
during normothermia to ensure symmetry and 
subsequently only unilateral recordings were obtained. 
The body temperature was monitored with a 
nasopharyngeal probe. Anesthesia was induced with 
fentanyl (50-100 4g*kg") and pancuronium and 
maintained with fentanyl, air and oxygen. SSEP was 
recorded immediately following induction of 
anesthesia, during cooling, bypass and subsequent 
rewarming. Both latency and amplitude of the peaks 
recorded over Erb's point (N10), C; (N13) and parietal 
cortex (N20) were analyzed with linear regression and 
separate analysis was performed for cooling and 
rewarming data. 


Results 


Due to technical problems, satisfactory data were 
only recorded in 8 patients. The change in amplitude 
and latency with temperature during cooling are 
shown in the Table. Increase in latency with 
temperature was noted with all peaks with significant 
linear correlation (p« 0.01). The increase in central 
conduction time (N20-N13, N20-N10) followed a 
similar trend after the body temperature decreased 
below 35°C. The increase in central conduction time 
exceeded the increase in peripheral conduction (N10 
latency). The change in amplitude was not uniform, 
with N13 and N20 showing progressive decrease in 
amplitude with decrease in temperature, but an 
increasing amplitude with N10. With rewarming the 


procedure. In one patient, transient cessation of pump 
flow for 2 mins led to abolition of N20 which 
subsequently returned with re-establishment of flow. 
All patients recovered satisfactorily with no 
neurological deficits. 


Discussion 


Qur study demonstrated that hypothermia below 
temperature of 35°C causes progressive increase in 
latency of all three peaks. Both C; and cortex 
latencies increased in excess of the Erb's peak 
latency, suggesting a difference in sensitivity of 
central conduction from peripheral conduction to low 
temperature. This difference is further substantiated 
by the opposing trend in the change of amplitude 
with decrease in body temperature. The physiological 
basis for these differences is not clear. This study 
also demonstrated that it is feasible to monitor SSEP 
during hypothermic cardiopulmonary bypass, but that 
the influence of temperature must be taken into 
consideration in the interpretation of both latency and 
amplitude changes. We noted that the SSEP was 
resilient to changes in blood pressure down to 25-30 
mmHg and there was no apparent change unless flow 
was actually interrupted. Although this is a non- 
invasive monitor, because of its relative insensitivity 
to changes in perfusion pressure, the value of 
intraoperative monitoring of SSEP during 
cardiopulmonary bypass must remain to be 
established. 


Reference 


(1) Lam AM, Contreras K, Keane JF, Manninen, 
PH, Brown S. Effects of mild hypothermia on brain 
stem auditory and somatosensory evoked responses. 
Anesth Analg 1985;64:242 

(2) Coles JG, Taylor MJ, Pearce JM et al. Cerebral 
monitoring of somatosensory evoked potentials during 


profoundly hypothermic circulatory arrest. Circulation 
1984;70 (Suppl 1):1-96 


Erbhspt N10! Cy (N13] Cortex {N20} Erb's Cortex C,-Cortex 
LAT AMP LAT AMP LAT AMP imsec} imsec} 
(msec) =, V} f 
36 11.2 2.6 14.8 2.2 21.0 2.3 9.8 6.2 
£0.3 rOS3 £04 402 405 +0.5 
35 11.5 2.6 152 2.0 21.6 2.2 10.1 6.4 
0.4 +04 +04 t0.2 +04 x05 
34 11.8 28 3157 1.9 22.5 2.1 10.8 7.0 
0.4 +0,3 +0,4 t0. +05 +0.5 
33 12.3 2.8 16.3 18 23.9 1.9 147 7.7 
*0.4 ¢0.3 +40.5 +£+0.1 £406 +0.5 
32 12.6 3.0 16.9 1.7 25.2 1.7 12.6 8.3 
£0.4 £03 +0.5 +0.1 £408 +0.4 
31 12.9 3.2 17.6 1.5 26.3 1.6 13.4 8.7 
+0.4 40.3 +05 +0.2 t0. +0.4 
30 13.4 3.5 18.3 1.4 27.4 1.1 14.0 9.2 
$0.5 +t0.3 t0.5 £0.2 +0.8 £0.4 
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Introduction. Heparin-protamine interaction 
results in a cascade of cellular and chemical events 
usually without concomitant hemodynamic changes. A 
recent report suggests that administration of 
protamine to patients with pulmonary hypertension 
(PHIN) may result in intense pulmonary 
vasoconstriction and cardiovascular collapse (1). 
The present study compared the effects of 
protamine-heparin interaction on white celis, 
platelets and selected eicosanoids (thromboxane A,, 
prostacyclin) in patients with PHTN or normal 
pulmonary arterial pressures (NPAP). 

Methods. Twelve (N=12) patients undergoing 
cardiac surgery utilizing cardiopulmonary bypass 
(CPB) were evaluated by a protocol approved by the 
Committee on Human Investigation. Patients were 
placed into Group I (I) PAP systolic 30 and mean 

20 mmHg or Group II (II) PAP systolic 26 and PAP 
mean 16 mmHg based on preoperative measurement. 
Anesthetic management included fentanyl (75 mcg/kg), 
oxygen, and pancuronium in each case. Heparin anti- 
coagulation maintained the activated clotting time 
(ACT) 400 seconds measured with the Hemochron(R). 
After CPB the patients were stabilized for 10 min 
and hemodynamic measurements were obtained at 
baseline and every 2.5 min during protamine 
infusion. Protamine (IV) was infused at (0.3 
mg/kg/min) for a total dose equal to the heparin 
dose in mg. Samples drawn via arterial (A) and PA 
catheters at the start of infusion, 5 min iater and 
5 min after termination of infusion were analyzed 
for white blood count (WBC), differential white 
count (DWBC) and platelet count (PLT) by phase 
contrast microscopy (corrected for hemodilution 
during the study period).  Radioimmunoassays for 
platelet factor 4 (PF,), prostacyclin as 
6-keto-PGF r (6-PGF), and thromboxane A, as 
thromboxane B, (TXB) were performed on each sample. 
Transpulmonary gradients (A-PA) were calculated. 
Results are expressed as mean + SEM. Data was 
analyzed by ANOVA and Student's t-test for paired 
and unpaired data (P 0.05 was considered 
significant). 

Result. (Table I and II). The preop MPAP I: 38 
+ 4 mmHg vs II: 16 + 1 mmHg was different (P 0.004). 
The CPB duration for I (113 + 15 min) and II (86 + 8 
min) were similar (P-NS). The total doses of pro- 
tamine for I and II were 395 + 23 vs 350 + 50 mg 
(P=NS). PF, gradient changed significantly during 
the infusion period in group II only. Positive 
gradients indicate platelet release of PF, across 
the pulmonary circulation. No significant changes 
in WBC, PLT or eicosanoids was noted in either group 
during the study period. 

Discussion. Biochemical, hematologic and hemo- 
dynamic changes associated with protamine neutral- 
ization of heparin were studied in the setting of 
normal or PAP. Platelet activation, evaluated by 
release of PF,, occurs across the pulmonary circu- 
lation during infusion of protamine sulfate in 
patients without preoperative PHTN (Group II). PF, 


is a secretory product stored in platelet alpha 
granules and released during platelet activation. 
This is often but not always associated with 
with platelet aggregation. Significant aggrega- 
tion of platelets was not noted. PF, gradients in 
Group I were positive throughout the measurement 
period but did not change during protamine infusion 
(P-NS). WBC and DWBC data revealed no pulmonary 
sequestration of white cells. The measurements of 
thromboxane À, and prostacyclin levels did not 
change during the protamine infusion. Activated 
platelets are the most frequent source of the vaso- 
constrictor thromboxane À,. The infusion of prota- 
mine over 15-20 minutes wás not associated with 
aggregation and sequestration of white cells or 
platelets. If aggregation of formed blood elements 
is a necessary intermediate for pulmonary vasocon- 
striction, slow protamine infusion is advantageous. 
The study design did not reveal any instances of 
adverse response indicative of pulmonary vasocon- 
striction and defines only the typical response to 
protamine. Effects of protamine neutralization of 
heparin on WBC, platelets and selected eicosanoids 
were not different in patients with PHTN under the 
conditions of this study. 
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TABLE T 


Platelet and white cell changes during protamine infusion (mean + SEM) 


Infusion End Infusion 


Baseline +5 (min) +5 (min) 
WBC I A 16.1% 1.5 15.4 5 2.2 19.7 $ 2.7 
(103/mm*) | A-P -1.4 t 1.3 -0.9 t 0.7 -1.5 £ 0.6 
II A 13.82 4.) 10.8 ¢ 2.9 127.4 24.3 
A-P 0.8 £ 0.5 0.8 + 1.2 l.4 t 1.7 
PLT I A 112 * 15 107 * i0 108 £ 14 
(103/mp)) | A-P 14.9 * 6.9 -13,9 + 4.2 -7.1 s 4.9 
II n 116 2 14 $97? * 6 $2 * 12 
A-P — 3.3 2 l.l — -19.4 2 23.4 6.8 + 8.2 
PF, I A 640 « 199 $34 * 208 147 2 136 
(ng/ml) A-P 26.3 * 38.7 44.0 ¢ 105.5 — 13.9 = 21.1 
II ry $39 + 18 516 $ ii? 75 s l0() (**) 
A-P -74.4 2 60.5 154 t 63.9(4) 16.9 + 8.3 
*  P«DO1 compared to baseline I - Group i N=? 


ak  P€,02 compared to infusion +5 II - Group 2 N=5 
+  PX.05 compared to baseline gradient A » radial artery sample 
P = pulmonary artery sample 


TABLE XI 


Eicosanoid production during protamine infusion (mean * SEM) 
n——  BoÓá——— Ht lBMBBE RR EREMO MERC ROR mtd 


Infusion End Infusion 
Baseline +5 (min) +5 (min) 
6-Keto- A 462 ¢ 154 447 X 143 406 * 152 
PGF}, I A-P -445 * 446 328 t 316 -121 + 81 
(pg fal) Il A 225 t 83 200 £ 71 131 * 80 
A-P -30 + 25 413.5 + 15 -28 + 7 
TXB I A 1369 * 391 1104 t 375 893 * 256 
(pg/ml) A-P -113 t 249 -171 t 93 -75 t 78 
II A 659 z2 164 2668 * 2520 737 + 562 
A-P 159 + 66 200 + 336 -64 + 39 


I- Groupl N=4 
IL - Group i Ned 
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Introduction. Vecuronium (V) and atracurium 
(A), intermediate duration, nondepolarizing neuro 
muscular blocking agents, were evaluated to deter- 
mine their effectiveness as relaxants for rapid 
sequence intubation. Most commonly used for this 
purpose is succinylcholine which has rapid onset 
and short duration, but may have undesirable side 
effects in patients with eye injuries or neurologic 
defects. A rapid-acting, nondepolarizing drug may 
then be preferable. Large doses of -pancuronium 
provide adequate intubating conditions within 75 
sec, but may be associated with prolonged paraly- 
sis and tachycardia.+ The use of priming doses for 
these agents has been suggested. However, an ini- 
tial subclinical dose of the nondepolarizing 
relaxant may lead to symptomatic muscular weakness 
and the inconvenience of a 5 min delay before 
injection of the remainder of the dose. The pur- 
pose of this study was to determine whether bolus 
doses of A and V could facilitate smooth intubation 
as rapidly as does succinylcholine. 

Methods. This investigation was approved by the 
Institutional Review Board. Pilot data indicated 
that A in the dosage range of 1.5 mg/kg and V at 
0.25 mg/kg were necessary for rapid paralysis 
without serious side effects.  Nineteen patients in 
the A group and 15 patients in the V group were 
studied. All patients were ASA Class I or II 
without neuromuscular, renal or hepatic disease and 
were undergoing elective surgery. Ages ranged from 
16-80 years and weight from 56-118 kg. The V 
group's neuromuscular function was assessed using 
the isometric twitch tension of the abductor polli- 
cis muscle in response to ulnar nerve stimulation 
at the wrist. A Bard Biomedical peripheral nerve 
Stimulator at a frequency of 1 Hz was used and 
force was quantified by a Grass FT-10 transducer 
and recorded.  Preinduction monitoring was 
established and included automated blood pressure 
measurements. Anesthesia was induced by thiopen- 
tothal 3-5 mg/kg IV followed immediately by the 
injection of an IV bolus of either A 1.5 mg/kg or V 
0.25 mg/kg. Exactly 60 sec after the injection of 
relaxant, the trachea was intubated. The overall 
intubation conditions were ranked as 3 - excellent: 
jaw relaxed, vocal cords open, no bucking; 2 - 
Satisfactory: jaw relaxed, slight movement of 
cords, and no bucking; 1 - fair: less favorable, 
but intubation possible; O - impossible to intubate 
trachea due to inadequate muscle relaxation. The 
surgical procedure sometimes required change of 
the patients' position such that tension readings 
were impossible. Thus the duration of the neuro- 
muscular block was defined as the interval to the 
return of 2 twitches in a visual train-of-four. 

Results. Results are expressed as mean + SE and 
intergroup comparisons utilized an unpaired t test. 
Intubation at 60 sec from the injection of relaxant 
was achieved under good conditions in all 
patients, with no difference between A and V groups 


(Table). Seven A patients developed significant 
hypotension (systolic decreases ranged from 28-42% 
below immediate preinduction levels within the 
first 60 sec). Three responded to intubation with 
immediate return to preinduction blood pressure 
levels or higher. The 4 remaining were given 
mephentermine (7.5 mg), with prompt restoration of 
blood pressure. The duration of neuromuscular 
block (as evidenced by the return of 1-2 twitches 
in a train-of-four) was not significantly different 
between A and V groups. Seven V patients had no 
twitch at the time of intubation. In those V pa- 
tients who did show a twitch response at intubation, 
the mean percent twitch depression was 58 + 10%. 

Discussion. Relaxation permitting easy intuba- 
tion occurred in the absence of a complete neuro- 
muscular block suggesting slower equilibration in 
limb muscles. Both A and V provided good con- 
ditions for intubating within 60 sec. A had a 37% 
incidence of significant hypotension, but this was 
easily treated. Large doses of A and V provided 
good conditions for rapid intubation without mark- 
edly prolonged paralysis. Although V had a longer 
duration (as defined here), this was not signifi- 
cantly different from the duration of A. The data 
suggest that a bolus dose of V may be preferable to 
A for rapid sequence induction and intubation when 
succinylcholine is not indicated. 

References 
1. Brown EM, Krishnaprasad D, Semiler G:  Pancuro- 
nium for rapid induction technique for tracheal 
intubation. Can Anaesth Soc J 26:489-491, 1979 
2. Foldes FF, Schwarz S, Ilias W, Lackner F, 
Nagashima H, Mayrhofer 0: Rapid tracheal intuba- 
tion with vecuronium: the priming principle. 
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Table 1 - Rapid Intubation 


Atracurium Vecuronium 
(N = 19) (N = 15) 
Intubation Score* 3 - 58% 3 - 73% 
2 - 42% 2 - 21% 
l - 0% 1 - 0% 
Hypotension 37% 0x 
(28-42% decrease) 
Treatmentt 16% 


Duration of Action, min 67 + 3 N.S. 85 + 7 
(clinical )§ i 


* - laryngoscopy score: 
3 - excellent: jaw relaxed, VC open, no bucking 
2 * satisfactory: jaw relaxed, slight movement 
VC, no bucking 
= less favorable: intubation possible 


Wn re 


7.5 mg mephenteramine 
return of 2 twitches in train-of-four 


WH =+ 
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Introduction. Pediatric patients may require 
anesthesia to provide immobility during magnetic 
resonance imaging (MRI). While in the MR imager the 
patient is 10-12 ft remote from the anesthesiologist 
and his equipment. Furthermore, electronic venti- 
lators and monitors do not function properly and 
interfere with image quality. To solve these prob- 
lems a simple non-metallic manual ventilatory system 
was devised to permit "remote" control of anesthesia 
and ventilation. This report describes a new anes- 
thesia circuit and reports results of itsuse in 
animals and humans. 

Methods. The system (Fig I) consists of i) a 
Laerdal? RBII self-inflating bag (L bag); ii) 
Laerdal? non-rebreathing lip valve iii) a 15 ft, 7/8 
in. I.D. Aerosol? corrugated tube (A tube) iv) an 09 
supply tubing. Ventilation was accomplished by 
intermittent manual compression of the bag. 

6 dogs were anesthetized, intubated and venti- 
lated with a Harvard ventilator. Control blood gas 
analysis and hemodynamic measurements (BP, HR, PAP, 
RAP, CO, TPR, LV dp/dt) were obtained via appro- 
priately placed catheters. The dogs then were 
disconnected from the ventilator and hand ventilated 
with the new system. To simulate clinical condi- 
tions the L bag was compressed to produce the same 
rate and chest expansion achieved with the Harvard 
ventilator. Each dog was hand ventilated for 3 
hours while the length of the A tube was progres- 
sively increased as follows: 1) 10 feet for 30 min; 
2) 30 ft for 30 mins 3) 50 ft for 1 and 2 hours. 
Hemodynamics and blood gas determinations were made 
at the end of each test period. 

Compliance of the various tubes (10, 20, 30, 
40, and 50 ft) was measured by connecting each to 
the inspiratory and expiratory outlets of a Siemens 
Servo 900C Ventilator whose RR was set at 15/min and 
VI at maximum. Each breath was pressure limited (by 
presetting the working pressure) at either 10, 20, 
30, 40,50 or 60 cm H20. A tube compliance curve was 
plotted by noting the equilibrated Vp, (the volume 
change with each incremental pressure increase) and 
computing Vr. 

Additional studies were made in 5 children 
(ages 2-16 yrs, weight 15-65 kg) anesthetized, 
intubated and ventilated manually with the new 
system (Fig 1). Ventilation was monitored by obser- 
vation for adequate bilateral chest expansion, and 
by an esophageal stethoscope; adequate oxygenation 
was assured by flowing 100% 02 (10 L/min} into the L 
bag. BP was measured with an aneroid manometer 
connected by long tubing so as to be outside the 
magnetic field. Cardiac function was monitored via 
esophageal stethoscope and telemetric ECG. After 
MRI was completed (1-2 hours) and before ventilation 
was discontinued a blood sample was drawn for 
analysis. 

Results. Data from the animal studies are 
tabulated in Fig 2. These demonstrated the hemo- 
dynamic stability, adequate ventilation and oxygena- 
tion achieved. A progressive respiratory alkalosis 
resulted from over-ventilation during the 3 hour 
period. Similar data were noted in the children: 
Systolic BP remained stabie (105 +8 to 118 + 


8 torr) as did HR (112 * 13 to 134 + 12 beats/min). 
Arterial blood gas analysis revealed full oxygenation 
and respiratory alkalosis (pH 7.55 + 0.035; PaCog 24 
+ 2 torr; Pa0o 204 + 38 torr, bicarbonate 20.5 + 0.5 
mEq/L). Compliance of the A tube averaged 0.155 
ml/cm H20/ft. 

Results are expressed as mean + SEM. Student's 
t test was employed to determine statistical signifi- 
cance (P < 0.05). 


Discussion. This new L bag system served as a 
simple method to provide safe remote pulmonary venti- 
lation (up to 50 ft). | The method permitted adminis- 
tration of satisfactory anesthesia during MRI without 
compromising the function of that instrument. 


Fig 1 





Fig 2 
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Introduction. This prospective study deals with 
Propofol, a new alkyIphenol intravenous induction 
agent, and how it effects the systemic and pulmonary 
hemodynamics during induction of anesthesia as com- 
pared to a standard widely used agent, thiopental, in 
patients undergoing non-cardiac surgery. 


Method. Forty adult (ASA Class II & III) patients, 
22 females and 18 males (31-78 yrs, weight 32-114 kg) 
were entered into this study after giving their in- 
formed consent. The study was approved by the insti- 
tution's committee on human research. Al! patients 
received meperidine 50-100 mg, pentobarbital 50-75 mg, 
and 0.4 mg atropine, intramuscularly 1 hour prior to 
arrival in the O.R. For monitoring, we used ECG sur- 
face electrodes (leads I, II, III and V-5), a blood 
pressure cuff and Doppler device, a triple lumen pul- 
monary artery flow-directed catheter (Edward Labora- 
tory, Inc.) inserted through the right internal jugu- 
lar vein into the pulmonary artery under local anes- 
thesia, and a right radial artery cannula inserted 
percutaneously for direct blood pressure monitoring. 
Hemodynamic baseline measurements were taken before 
induction of anesthesia, 2-3 minutes post-induction 
and 5 minutes after intubation but before any surgi- 
cal manipulation of the patient. With the patient 
breathing 1002 oxygen by mask, induction of anesthe- 
sia was started by injecting a single bolus over 30- 
45 seconds of either propofol 2.5 mg/kg/IV or thio- 
pental 5 mg/kg/IV in patients randomized into two 
groups. Oroendotracheal intubation was then accom- 
plished using succinylcholine 1 mg/kg. Anesthesia 
was maintained with Isoflurane 0.5-2% and 50% N20 in 
02 in a semi-closed circle system after the third set 
of data was obtained. Pancuronium was used, as need- 
ed, for muscle relaxation and reversed at the end of 
each case with neostigmine 1-2.5 mg and atropine 1 mg 
IV respectively. 





Results. The demographic information is listed in 
Table I. There was no statistical sex, age or weight 
difference among the two groups. The mean induction 
dose of propofol was 193 mg and that of thiopental 
was 330 mg. Table II lists the mean hemodynamic para- 
meters at pre-induction, 2-3 minutes post-induction, 
and 5 minutes post-induction before anesthesia main- 
tenance and surgical stimulation. Significant reduc- 
tions were observed with propofol: MAP (-23+12%), CI 
(-18+13%), LCWI (~35+16%), and LSWI (-35+18%) while 
thiopental produced lesser reductions: MAP (-5+12%), 
LCWI (-15:222), and LSWI (-214+18%). Heart rate was 
increased by thiopental but was unchanged by propofol; 
CI was not significantly reduced by thiopental. Right 
sided cardiac parameters, PCWP, CVP, and MPAP were 
relatively unchanged by either agent. SVR and PVR 
were not significantly changed by either drug. These 
latter two indices are somewhat different from those 
reported by other investigators (1); who used an in- 
fusion technique rather than the technique employed 
by the present investigators. 





Discussion. The reduction in mean arterial pres- 
sure, stroke index and left cardiac and ventricular 
work indices were significantly more decreased with 
propofol as compared to thiopental. The reduction in 


the left cardiac work indices in patients with impair- 
ed left ventricular function may, under some circum- 
stances, lead to undesirable side effects; conversely 
these decreases insure less myocardial oxygen demand, 
a lower consumption of myocardial oxygen, a lower con- 
sumption of myocardial energy stores, and consequent- 
ly greater preservation of functioning myocardium — 

a desirable goal in some circumstances. There were 
no pre- or post-induction complications and all sur- 
geries were uneventful. There was one late surgical 
death which occurred twelve days post-operation due 
to disease and unrelated to the induction agent. 

Since the decreases in left sided heart parameters 
are much greater with propofol than with thiopental, 
extreme care must be exercised when using this new 
agent, especíally in patients undergoing cardiac sur- 
gery, until further studies are performed to say dif- 
ferently. 


Reference. 
1. Prys-Roberts C, et al: Haemodynamic effects of 
infusions of Di-isoprophylphenol (ICI 35, 868) during 
nitrous oxide anaesthesia in man. Br J Anaesth 55:105- 
111 (Feb) 1983. 


TABLE 1 PATIENT CHARACTERISTICS 


PHYSICAL 
WEIGHT HEIGHT STATUS 
37-74 yrs 40-109 kg | 152-190 on | ASA II * 3 | 102-272 mg 
X361 yrs X» 65 kg | X= 158 cm | ASA III = 18 | X» 193 mg 
31-78 yrs | M= 8 | 32-114 kg | 142-185 em | ASA II» 7 | 160-570 mg 
X252 yrs | Fo 11 | x= 66 kg | X = 165 cm | ASA III = 12 


X * 330 mg 
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Introduction. Activation of complement and the subse- 
quent release of anaphylatoxins has been clearly 
demonstrated during cardiopulmonary bypass (CPB) (1). 
These anaphylatoxins, viz. C3a, C4a and C5a are bio- 
logically active peptides that mediate numerous in- 
flammatory actions. An important study correlated 
clinical dysfunction after CPB with C3a concentration 
and forwarded the concepts of CPB having "damaging 
effects" and inducing a "whole-body inflammatory 
reaction" (2). Whether complement activation is a 
feature peculiar to CPB is unclear, since it may 
occur during thoracotomy without CPB (3). This study 
set out to re-evaluate this controversy by measuring 
the levels of C3a in a population of patients under- 
going surgery with and without CPB. 


Methods. This study was approved by the Institutional 
Research Committee. Informed consent was obtained. 
Twenty three male patients were studied. Nine under- 
went standard aorto-coronary bypass surgery with nor- 
mothermic CPB and a bubble-type oxygenator (Group 1). 
Another 9 underwent thoracic vascular surgical proce- 
dures without CPB, such as descending thoracic aortic 
aneurysmectomy, coarctectomy etc., without the use of 
shunts (Group 2). An additional 5 patients undergoing 
thoracic surgery without the use of heparin and pro- 
tamine, such as lobectomy, pneumonectomy etc., were 
also studied (Group 3). Blood samples were collected 
from either the patient arterial line or the CPB 
venous return line, where applicable, at the follow- 
ing intervals. In Group 1; baseline, post-heparin, 
CPB at 10, 20, 30 and 45 minutes, partial cross-clamp 
» post-protamine, arrival in ICU, and then at 3, 6, 
12 and 24 hours post-arrival. In Group 2; as for 
Group l, except that non-CPB post-aortic cross-clamp 
samples were collected at 10 minute intervals. In 
Group 3; samples were collected similarly for Group 2 
, except that post-heparin and protamine samples were 
omitted. Concentrations of C3a were analysed in the 
samples by RIA. This entailed centrifugal separation 
of the plasma, addition to diNaEDTA and immediate 
freezing. C3a levels during CPB were corrected for 
pump prime hemodilution. Computer assisted statisti- 
cal analysis of the data was performed using paired 
and unpaired t-tests. 


Results. The results are demonstrated in Figure l. In 
Group 1, C3a levels rose sharply during CPB, falling 
slightly during partial cross-clamp and the resump- 
tion of spontaneous cardiac activity, increasing 
again following protamine administration and then de- 
clining over the next 24 hours to normal levels. In 
Group 2, C3a levels remained within normal limits du- 
ring surgery until protamine administration, where- 
upon they markedly increased. They then waned over 
the next 3-12 hours to normal levels. In Group 3, C3a 
levels were not elevated throughout the procedure and 
postoperative period. No significant difference (p = 
0.21), was found between Group 2 and 3 during surgery 
until protamine administration. A comparison of Group 
l and 2 after protamine administration indicate that 
the C3a levels are significantly hígher in the CPB 
group (p<.01), but decline at a slower rate follow- 
ing arrival in the ICU. 


Discussion, The results for patients undergoing 
surgery with CPB are in general agreement with other 
studies (1,2). Of significance is the increase in C3a 
levels following protamine administration in both 
Group l and 2 patients, since it is known that 
protamine-heparin complexes are potent activators of 
the complement cascade (4). It is possible that these 
complexes in turn enhance and amplify complement 
activation during CPB. Furthermore, a complement me- 
diated action has been implicated as one of the poss- 
ible etiologic factors in protamine toxicity (5). In 
contrast, C3a is not generated in patients during 
thoracotomy without CPB or heparin/protamine. Further 
attention needs to be directed at studying the re- 
lease of anaphylatoxins during protamine administra- 
tion. 
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FIGURE 1. C3a LEVELS (ng/ml) DURING SURGERY WITH AND 


WITHOUT CARDIOPULMONARY BYPASS (* = p «.01) 
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during CPB, and q 5 míns post-aortic cross-clamp (non 
-CPB), G: partial cross-clamp, H: post-protamine, I: 

arrival in ICU, J,K,L and M: 3,6,12 and 24 hrs post- 

arrival. 
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Introduction. Amrinone (A) is a cardiotonic drug 
with  vasodilating activity distinct from digitalis 
glycosides and catecholamines, Single dose and 
short term oral and intravenous studies in 
unanesthetized subjects show dose-related 
improvements in cardiac index (CI), and left 
ventricular stroke work index, and substantial 
decreases in pulmonary artery mean pressure (PAM) 
and right atrial pressure (RA) with insignificant 
effects on mean arterial pressure (MAP) or heart 
rate (HR) (1). As patients may receive A in the 
perioperative period, a better understanding of its 
interactions with anesthetics is important. This 
study was designed to determine the dose related 
cardiovascular effects of A in the presence of the 
potent inhalation anesthetic enflurane (E). 

Methods, Twelve mongrel dogs (22 + 1 kg) with 
chronic tracheostomies were anesthetized with E 
(2.231 - 2.31% end tidal) in 40% O, in air. 
Normocarbia and normothermia were maintained. The 
end-tidal concentrations of E, CO, and O, were 


continuously measured by mass spectrometry. An 
arterial catheter was placed for direct blood 
pressure measurements and plasma sampling. A PA 


catheter was passed via an external jugular vein for 
measurements of thermodilution cardiac outputs (CO). 
A  micromanometer tipped catheter was placed 
retrograde in the left : ventricle via a femoral 
artery for direct left ventricular (LV) pressure 
measurement and electronic derivation of LV dP/dt. 
The plasma samples were analyzed for epinephrine 
(EPI), norepinephrine (NE), and A by HPLC. Systemic 
and pulmonary vascular resistance (SVR, PVR), CI, 
and stroke volume index (SVI) were calculated. The 
animals were divided into two groups of six dogs: an 
E-group which received only E, and an  A-group. 
After 60 min of stabilization on the anesthetic, 
control measurements were made and plasma samples 
taken in both groups, which were repeated every 30 
min in the E-group. In the A-group, each dog 
received the following sequential boluses and 30 min 
infusions: 1) the solvent alone; 2) Ay 1 mg/kg+5 
ng/kg/min; 3) A; 2 mg/kg + 10 pg/kg/min; and 4) Ag 
4 mg/kg + 20 jug/kg/min. Cardiovascular measurements 
and plasma samples were taken at 25 and 30 min 
after beginning each infusion in the A-group and 
also after 30 min of recovery following 
discontinuation of the A, infusion. Changes within 
each group were analyzed by analysis of variance for 
repeated measures with Bonferroni t-tests. A 
non-paired t-test was used to compare the results 
between the A-group and the E-group. A p value of 
less than 0.05 was considered significant. 

Results. There were no significant effects from 
the solvent alone in the A group. There were no 
differences between the 25 and 30 min values for any 
variable during any of the infusions of A. Control 
(time 0) and 30 min values for MAP, PCWP, LV dP/dt, 
CI, SVR for the A and E-groups are given in the 
figure, along with 30 min plasma amrinone levels for 
the A-group. 2.21-2.31% end tidal E alone resulted 
in significant decreases in CI, SVI and LV dP/dt at 
60, 90 and 120 min, without changes in HR, MAP, 
CVP or PCWP, compared to time 0. There was no 


difference between the  A-group after 30 min of 
the A, infusion and the E-group at the comparable 
time. Significant differences from E after 30 min 
of A, included higher CI and LV dP/dt with lower 
SVR. Differences from E after 30 min of A, in 
addition to those effects, also included lower MAP, 
CVP, and PCWP. The differences in LV dP/dt and PCWP 
compared to E were still significant 30 min after 
the cessation of A, (time R) No significant 
differences were observed in HR, PAM, PVR, SVI, PR 
interval, EPI, or NE. 

Discussion. The potent inhalational agents cause a 
dose-dependent depression of cardiac function. 
Boncyk et al, (2) anesthetized dogs with high 
concentrations of halothane (H) and found that 
very large doses of A were required to overcome the 
depressant effects of the high H on CO, doses which 
were associated with hypotension. This study has 
shown that the effects of A are dose-related in the 
presence of anesthetic concentrations of E. In 
contrast to other vasodilators, no reflex increase 
in plasma catecholamines was seen. Improvements in 
cardiac performance occurred at plasma levels of A 
below those at which significant decreases in MAP 
were seen. 
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Introduction. It has been known from in vitro 
studies of red cell suspensions that the firmness of 
the hemoglobin-oxygen linkage is altered by changes 
in blood temperature, pH, 2,3-DPG and glucose con- 
centration. More recently, hemodilution has also 
been claimed to affect 02-hemoglobin affinity in pa- 
tients undergoing surgery (1). Since hemodilution 
and hypothermia are routinely employed during the 
course of extracorporeal circulation, their effect on 
oxygen transport and delivery should be considered in 
open heart surgery. The partial pressure of oxygen: 
at which 50% of hemoglobin is saturated (P50) was 
measured as the indicator of hemoglobin-oxygen affin- 
ity: a rise in P50 representing a right shift of the 
02 dissociation curve (0DC), enhancing oxygen deliv- 
ery, and a fall in P50 or a left shift of the ODC 
causing an impediment to oxygen supply in the periph- 
ery. 

Methods. Ten patients between the ages of 41 
and 67 scheduled for aorto-coronary bypass surgery 
were studied. They were anesthetized with etomidate- 
fentanyl-pancuronium anesthesia and ventilated with 
N20/05 or 02 by a Siemens-Elema ventilator. Extra- 
corporeal circulation was carried out with a standard 
roller pump and a Travenol membrane oxygenator/heat 
exchanger primed with 2,000 ml of Ringer's lactate. 
P50 measurements were obtained from blood samples 
withdrawn via a self-guiding pulmonary artery cathe- 
ter or at the venous inflow port of the oxygenator. 
Samples were taken immediately preceding skin inci- 
sion, 5 min after commencing extracorporeal circula- 
tion at normothermia, 5 min after reaching a stable 
blood temperature of 26°C and 10 min after completion 
of the rewarming phase. P50 was determined at the 
respective blood temperatures by the Erythrox tech- 
nique (2), a fully automated system which measures 
oxygen saturation electrophotometrically and plots 
an ODC within 15 min. In addition, the following 
hemodynamic and laboratory data were obtained: car- 
diac output, mean arterial blood pressure, hemato- 
crit, arterial and venous pH and blood gases, blood 
glucose concentration and serum lactate. All insti- 
tutional requirements regarding the study of human 
Subjects were observed. - i 

Results. Figure 1 shows the changes in P50 dur- 
ing the course of open heart surgery. The mean P50 
control value for 10 patients before surgery was 
24,9+1.6 mmHg, this value rose 9.5% after normother- 
mic hemodi lution and dropped 41.3% of control after 
hypothermia at 26°C. These changes were corrected 
for pH and are significant at the p<0.02 level. Fol- 
lowing rewarming to 36.5°C, mean P50 returned to 
within 1.5% of the control value. Control hematocrit 
was 41.9+5.3% and dropped 24.6% after hemodilution. 
It regained 7.8% by the time of the fourth sampling. 
The mean blood glucose was 74.9+19.4 mg/dl and rose 
continually during the course of extracorporeal cir- 
culation to 1082 over control, despite the fact that 
no glucose containing intravenous fluids had been 
administered. The control value of serum lactate 
was 11.5+4.4 mg/d]. This value rose 46.8% after 
hemodilution and reached 142.5% over control at the 
‘time of the fourth sampling. The main increase in 
lactate occurred between the third and the fourth 
sample. 


Discussion. The volume of oxygen available to 
the tissues is not only dependent on the partial 
pressure gradient of 02 but also on the affinity of 
hemoglobin for oxygen. An increase in P50 is advan- 
tageous to oxygen delivery since at any given p09, 
more oxygen is released to the tissues. Hypothermia, 
alkalosis, hyperglycemia and transfusion of banked 
blood, on the other hand, reduce the P50 and the 
oxygen availability to the tissues. A combination 
of these factors has been suspected to contribute 
to the condition commonly referred to as “rewarming 
shock". Our data suggest that this syndrome is un- 
likely to occur as a result of an increase in the 
hemoglobin-oxygen affinity at moderate levels of 
hypothermia. Some degree of protection, as yet poor- 
ly explained, may be afforded by hemodilution, while 
administration of banked blood is detrimental due to 
the low content of 2,3-DPG and other organic phos- 
phates. In response to an equal temperature drop, 
we found a smaller ODC shift in blood cooled in vivo 
if compared to red cell suspensions cooled in vitro. 
This finding suggests that there are factors present 
during clinical hypothermia which modify the steep 
fall in P50 and tend to protect the patient against 
an impairment of oxygen delivery. 


This work was supported in part by a grant of 
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Introduction: Halothane has been reported to 
depress ventricular function and myocardial 
metabolism in patients with coronary artery disease 
(CAD), yet the extent to which it alters „coronary 
circulation is still controversial. ' This 
controversy has resulted in part because the 
response to halothane appears to depend on the 
drug's concentration, the duration of its 
administration, and the presence of other 
anesthetic drugs. Furthermore, the effects of 
halothane on regional and global myocardial 
metabolism and coronary hemodynamics during high 
dose sufentanil anesthesia is not known. The 
present study was, therefore, undertaken’ to 
evaluate the changes in global and regional 
myocardial blood flow and metabolism caused by 
halothane when administered as an adjunct 
anesthetic in cardiac surgical patients undergoing 
coronary artery revascularization under sufentanil 
anesthesia. 

Methods: Eight patients scheduled for coronary 
artery bypass grafting (CABG) were included in the 
study with their informed consent. All patients 
were on calcium entry blockers, beta blockers and 
nitrates and were maintained on their medication 
until the day of surgery. Preanesthetic medication 
consisted of morphine sulfate (0.1 mg.kg `), 
scopolamine (0.4 mg) given intramuscularly, and 
oral lorazepam (1-2 mg). , An additional 1-2 mg of 
lorazepam were given I.V. when needed during 
insertion of the catheters. A Baim coronary sinus 
(CS) catheter and a triple lumen pulmonary artery 
catheter were inserted via the right internal 
jugular vein under fluroscopy to ensure appropriate 
positioning., Additional monitoring included radial 
arterial line and two lead ECG (II and V4). 
Systemic arterial (SAP), pulmonary arterial (PAP), 
pulmonary capillary wedge (PCWP) and right atrial 
(RAP) pressures (mm Hg) and heart rate (HR) were 
recorded throughout the study. Cardiac output (CD, 
l.min '), coronary sinus blood flow (CSF, m].min ) 
and great cardiac vein flow (GCVF, ml.min ) were 
measured by the, thermodilution method. Stroke 
volume (SV, ml.b ^) systemic (SVR) and, pulmonary 
(PVR) vascular resistances (dyn.sec.cm ^), global 
and regional myocardial oxygen consumption (CS- 


MVO2, GCV-MVO2, ml.min ^) and lactate extraction | 


(MLE) were calculated by the standard formulae. 
Blood samples for lactate and 02 content were 
withdrawn from the CS, GCV and arterial sites. 
Hemodynamic measurements and blood samples were 
obtained prior to (control) and during 1% halothane 
administration (15 min with H). ,The patients were 
given sufentanil (10-20 mcg.kg ) and metocurine 
(0.3 mg.kg ) for induction of anesthesia and 
muscle relaxation respectively. Halothane was 
administered following sternotomy in those patients 
who experienced an increase in SAP of more than 

154 of pre-incision values. No attempt was made to 
interrupt the surgical procedure during the study 
since we were evaluating the effects of H under 
clinical conditions. Data were analyzed with 
Student's t-test. 


Results: The data are presented in the Table. 
The decrease in mean SAP by 21% (p<0.001) was 
primarily due to a decrease (13%) in SVR (p¢0.05) 
and SV (16%, p<0.05). Both left (PCWP) and right 
(RAP) ventricular filling pressures decreased 
during halothane administration by 19% (p«40.02) and 
15% (p40.05) respectively. At the same time CSF 
did not change significantly (6%), while GCVF 
declined by 14% (p<0.05). CS-MVO2(182) and 
GCV-MVO2(23Z) decreased with halothane. Myocardial 
lactate was released into the GCV but not in the 
CS, in one patient during halothane administration. 

Discussion: It has been récently reported that 
H caused significant reduction in global MVO2 in 
CAD patients almost entirely due to a decreased 
oxygen extraction,rather than to a decreased CSF. 
In another study, also in CAD patients, H was 
found to produce a significant decrease in global 
MVO2, in M02 extraction as well as a significant 
decrease in CSF, In these studies H did not induce 
any release of lactate in the CS. In our study we 
observed a decrease in CS-MVO2 and also in 
GCV-MVO2, yet only GCVF decreased. Furthermore in 
one of our patients lactate release was detected in 
the GCV blood sample but not in that from the CS. 
These changes were attributed to the significant 
reduction of the SAP with H. 

It is therefore concluded that although 
halothane appears to preserve global myocardial 
metabolism and oxygenation despite its systemic 
hemodynamic effects, regional myocardial 
hypoperfusion in patients with CAD may occur 
leading to local anaerobic glycolysis and lactate 
release, 

References: 
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Table 
(Mean + SEM, n=8) 

Prior to H With 1% H 
HR 55 +4 57 + 5 
SAPm 96 +5 77 + qe 
PAPm 14 * .5 1l + 54e 
PCWPm 9.5 + .3 7.7 + .4** 
co 4,28 + .3 3.73 + .3* 
SV 7945 66 + 4* 
SVR 1,806 + 16 1,585 + 113* 
CSF 109 + 10 103 + 1l nc 
GCVF 58 + 8 50 + 7* 
MVO, CS 10.3 * 1.3 8.4 + 1.0* 
MVO“GCV 6.1 + 1.0 4.7 + 0.6% 





* p«0.05; ***p«0,02;  ***p«0.01; sip <0.001 
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introduction. It is well established that physiological 
changes accompanying advanced age can alter the 
distribution and elimination of narcotics (1-5). This study 
was designed to determine the pharmacokinetics of 
sufentanil, a new synthetic opiate, in elderly surgical 
patients. 


Methods. Five elderly patients (ages 71-80) and five 
younger patients (ages 22-57) scheduled to undergo 
laminectomy, transphenoidal hypophysectomy or carotid 
endarterectomy were included in the study after obtaining 
institutional approval and informed consent. All patients 
had normal liver function and no evidence of cardiac 
failure. Anesthesia was induced with thiopental and 
tracheal intubation was facilitated with succinylcholine. 
Anesthesia was maintained with Nj0:0, (60-40%), 
isoflurane 0.25-0.5% and a continuous infusion of 
vecuronium to obtain muscle relaxation. Following a bolus 
injection of sufentanil (2 ug/kg), heparinized arterial blood 
samples were obtained at |, 3, 5, 10, 15, 20, 30, 45, 60 min 
and at half-hour intervals thereafter to 4 hrs. Plasma was 
separated and frozen until assayed by radioimmunoassay, 
sensitivity 0.) ng/ml. At the termination of anesthesia, it 
was assessed whether patients required a narcotic 
antagonist (criteria for respiratory depression was < 
8/breaths/min). EH 

Plasma concentration-time curves from each patient 
were fitted to both bi- and triexponential equations, using 
weighted, nonlinear least squares regression analysis. The 
best fit for the data was then determined using the method 
of Boxenbaum (6) Pharmacokinetic parameters were 
calculated by using a method for bolus iv injection of a 
drug. Comparisons between the pharmacokinetic 
parameters for the elderly and young patients were made 
by applying Student's t-test for unpaired data (two-tailed). 


Results. Plasma decay curves for sufentanil in both 
groups are best described by a biexponential equation. The 
pharmacokinetic data for both groups are presented in 
Table l. Plasma albumin concentrations for the two 
groups were not significantly different, 4.1 + 0.5 g/di 
(mean + SD) in the young, and 3.7 + 0.3 g/d! in the 
elderly, Four of the five elderly patients studied required 
a single dose of naloxone at the termination of anesthesia 


the result of decreased hepatic clearance of the drug in 
elderly patients, reflecting a reduced splanchnic blood flow 
with slow delivery of drug to the liver and decreased total 
body water respectively. Previous studies of the kinetics 
of narcotics in elderly patients have all demonstrated 
reduced drug clearance and a prolonged ty, elimination (3. 
5). Stanski, studying morphine in 4 elderly patients, is the 
only one to demonstrate a reduced initial volume of 
distribution (3). 

In this study, the absence of prolonged t, elimination 
phase in elderly patients receiving siteniontl reflects the 
fact that although the clearance rate is decreased, the 
total volume to be cleared is similarly depressed in these 
patients. The facts that we observed no difference in t, 
elimination between elderly and younger patients receiving 
sufentanil yet the majority of the elderly patients required 
a narcotic antagonist at the termination of surgery suggest 
that the initial concentration gradient between the plasma 
and brain may be important in determining the duration of 
action of sufentanil in elderly patients. Such a possibility 
is implied by Berkowitz, who noted initial serum levels of 
morphine were higher in patients over 50 yr than in 
younger patients, but that this difference in serum 
morphine concentration between the two groups had 
disappeared by 10 min (1). 

Supported in part by a grant from Janssen 
Pharmaceutica. 
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Table 1. Pharmacokinetic Parameters (Mean * SD 
Young, n-5 Elderly, n=5 


to reverse respiratory depression. None of the younger 22-57 yrs) (71-80 yrs P 

patients required a narcotic antagonist. All anesthetics ti, elim (min 141 + 61 156 + 99 NS 
f similar duration (3-4 hr). s» = 

were oF similar duration (3-4 hr) Cip (ml-kg min |) 21.0 2 4.5 12.7 + 3:6 — «0.025 

! isse The RE Neu hai pois: plasma Vi (m1-kg^!) 517 + 134 320 + 104 «0.05 

clearance and decreased initial volume of distribution in «e 

the elderly patients. These observations are most likely Yd. vaa (m*kg `) 4171 + 1782 2548 + 1073 NS 
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Introduction.  Post-infarction unstable angina 
(PIUA) is a manifestation of continuing ischemia 
after an acute myocardial infarction (AMI).  Aggres- 
sive medical therapy for PIUA has a reported mortal- 
ity of 564 over six months!. Since risk of rein- 
farction following anesthesia and non-cardiac surgery 
is significantly higher when an AMI has occurred 0-6 
months prior^*2,concern is expressed that patients 
who have had a recent AMI complicated by PIUA may be 
at excessively high risk for coronary revasculariza- 
tion. This study was undertaken to determine the 
reinfarction and mortality rate in patients follow- 
ing anesthesia for coronary artery bypass grafts 
(CABG) 1 to 30 days after an AMI complicated by PIUA. 


Methods. After institutional approval by our 
Human Studies Committee, we prospectively followed 
the outcome of 64 consecutive patients admitted to 
our coronary care unit with an AMI complicated by 
PIUA from January, 1982, to December, 1983. Each 
patient underwent coronary revascularization for 
persistent myocardial ischemia 1 to 30 days after an 
AMI. Each AMI was documented by clinical history, 
ECG changes and changes in cardiac enzyme determina- 
tions. Intra-aortic balloon pump was utilized peri- 
operatively when deemed necessary. All patients had 
peripheral artery and pulmonary artery catheters in- 
serted prior to induction of anesthesia. Systemic 
arterial and pulmonary artery pressures were moni- 
tered continuously, along with Leads II and V5 on 
ECG. Pulmonary artery wedge pressure and cardiac 
output were monitored intermittently. Induction of 
anesthesia in all cases consisted of fentanyl, 
muscle relaxant, and 09 or fentanyl, Valium, muscle ' 
relaxant, and 09 after various premedications. 
Immediate measures were undertaken to control ad- 
verse hemodynamic changes at all times. Hemodynamic 


monitoring was continued after surgery. Each 
patient's ECG was closely monitored and suspcious 
ECG changes were evaluated by determination of 
cardiac enzymes. Perioperative reinfarction was 
diagnosed by a cardiologist based on clinical his- 
tory, ECG changes and appropriate changes in cardiac 
isoenzymes. 


Results. The reinfarction rate for this group 
of patients was 6.3%. Mortality rate was 7.8% with 
five deaths occurring within 180 days postoperative- 
ly. Of the patients who reinfarcted (4), 50% died 
within 180 days. 


Discussion. The reinfarction rate of 6.3% 
following anesthesia for coronary revascularization 
l to 30 days after an AMI compares well to a recently 
reported reinfarction rate for non-cardiac surgery*. 
That work reports a 5.7% reinfarction rate for pa- 
tients undergoing anesthesia for non-cardiac surgery 
within three months after an AMI. The mortality 
rate of 7.8% following anesthesia for CABG is consi- 
derably better than that of medical management over 
a six-month period post-AMI. The results of this 
study suggest that patients with continuing myo- 
cardial ischemia after an AMI can undergo anesthesia 
for coronary revascularization within 30 days of the 
AMI with a significant but acceptable risk. 
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Introduction. Edrophonium has gained 
popularity as an antagonist of non-depolarizing 
neuromuscular blocking drug because it has faster 
onset time and lower atropine requirement than 
neostigmine resulting in ginimal changes in heart 
rate and blood pressure’. This study was to 
investigate the safety and efficacy of OH 101; a 
mixture of edrophonium chloride 10 mg/ml and 
atropine sulfate 0.014 mg/ml, in the reversal of 
pancuronium or atracurium induced neuromuscular 
blockade (NMB) under general anesthesia. 


Methods. Fifty ASA I or II patients, ages 
19-57 years and weighing 45-90 kg undergoing 
elective surgical procedures were studied after 
informed consent. All patients were premedicated 
and anesthesia induced with fentanyl 1-2 g/kg 
i.v., thiopental 4-5 mg/kg i.v. and maintained 
with 702 nitrous oxide in oxygen and either 1.25 
MAC end tidal isoflurane (isoflurane) or 
supplemental doses of fentanyl and thiopental 
(balanced anesthesia) as required. The train of 
four (TOF) response of adductor pollicis muscle to 
supramaximal ulnar nerve stimulation was elicited 
and continuously recorded. Once a steady state of 
neuromuscular response was established patients 
were paralyzed with pancuronium 0.04 mg/kg or 
atracurium 0.2 mg/kg. Endotracheal intubation was 
performed at maximum NMB and ventilation 
controlled at a minute volume of 10-15 ml/kg. 
Further doses of pancuronium or atracurium were 
administered as required to maintain adequate 
surgical relaxation. 

At the end of surgery, under controlled 
ventilation, and when at least two of the four 
responses of TOF were present, reversal was 
attempted with 0.05 ml/kg of OH 101 i.v. If TOF 
ratio 0.7 was not achieved in five minutes 
additional OH 101 was administered I.V. to a 
maximum dose of 0.12 ml/kg. Heart rate and rhythm 
were monitored and recorded continuously for two 
minutes prior to and ten minutes following 
administration of OH 101. Analysis was performed 
by Student^s t-test and P<0.05 was significant. 


Results. In 86% (43) of the patients TOF 
ratio 20.7 was achieved in 5 mins following a 
single dose of OH 101. 14% (7) of the patients 
received a second dose of OH 101 to achieve a TOF 
ratio ?0.7. Six of the seven patients requiring a 
second dose of OH 101 for adequate reversal had 
NMB induced with pancuronium. This was 
significantly different from those who had 
received atracurium for NMB but was not influenced 
by the type of anesthetic. The mean TOF ratio in 
‘all patients before and at l, 2, 5, and 10 mins 
following administration of OH 101 is shown in 
Fig. Il. TOF ratio before and at 1, 2, 5, and 10 
mins following OH 101 were significantly different 
in patients paralyzed with atracurium compared to 
pancuronium. 

The mean heart rate was significantly higher 
in the patients anesthetized with isoflurane 


before and one minute following OH 101 compared to 
patients under balanced anesthesia. There was 
also a wide range of individual variation of 
heart rate ranging from -40 to 4612 at one min 
following OH 101 and persisting throughout the 
observation period (Fig. 2). Nodal rhythm or 
bradycardia developed in twelve patients (24%) of 
which nine patients (18%) converted to sinus 
rhythm spontaneously. Three patients, all under 
balanced anesthesia, received an additional dose 
of atropine to treat bradycardia (<40). 


Conclusion. Effective antagonism of 
atracurium or pancuronium induced neuromuscular 
blockade was achieved with OH 101. The dose of OH 
101 may be dependent on the neuromuscular blocking 
drug and the background anesthetic used. 
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Fige 1. Train of four ratio following OH 
101. *p«0.05. 
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Introduction. The "priming principle" or the 
administration of non-depolarizing neuromuscular 
blocking drugs in divided doses have been shown to 
accelerate the onset of neuromuscular blockade 
(NMB)'. This study was designed to compare the 
rate of onset and degree of NMB following 


pancuronium (Pan), atracurium (Atr), and 
vecuronium (Vec), given either as a single bolus 
injection or in divided doses where a 


priming or subparalyzing dose is injected 3 or 5 
min prior to the second or intubating dose and 
compared with succinylcholine (Sux). 


Methods. 80 ASA I or II patients ranging in 
age from 18 to 60 years, undergoing elective 
surgery were studied. The study protocol was 
approved by the Human Research Review Board of the 
institution, and informed consent was obtained 
from each patient. Patients were premedicated 
with morphine 0.1 - 0.2 mg/kg i.m. and scopolamine 
0.003-0.004 mg/kg i.m. 45-60 mins prior to 
induction of anesthesia. Anesthesia was induced 
with fentanyl l-2  yug.kg i.v. and thiopental 4-5 
mg/kg i.v., and maintained with 70% nitrous oxide 
in oxygen. Following an additional dose of 50 to 
100 mg of thiopental, the larynx was sprayed with 
4% lidocaine and the trachea was intubated. 
Anesthesia was maintained using 70% nitrous oxide 
in oxygen and incremental doses of 25-50 g of 
fentanyl, when necessary. The twitch response of 
the adductor pollicis muscle to ulnar nerve 
stimulation was elicited by supramaximal square 
wave pulses of 0.2 ms duration at 0.15 Hz and 
quantitated continuously by an FT-10 transducer. 
Once a baseline twitch response was established, 
the patients were assigned randomly to one of ten 
groups (N = 8) shown in Table 1. These doses were 
obtained from previously determined dose response 
curves of each drug. The dose of sux 1 mg/kg 
administered is typically used for endotracheal 
intubation in adults. 

The following experimental parameters were 
measured 1) % suppression of the twitch after the 
priming dose, 2) % suppression of the twitch at 
30, 60, and 90 sec and time to maximum suppression 
of the twitch response following the bolus or 
second dose, and 3) time for recovery of the 
twitch response from maximum blockade to 25% of 
control. Time to maximum NMB and time to 252 
recovery were analyzed by both Student^s paired t- 
test and analysis of variance. The degree of NMB 
at 30, 60, and 90 sec were analyzed by Student's 
t-test on ranked data.  P<0.05 was considered 
statistically significant and values are Mean + 
S.E.M. 


Results. 4 suppression of twitch following 
Sux, and bolus or divided doses of Pan, Atr, and 
Vec are shown in Fig. 1. The time to maximum NMB 
following Sux is significantly different from 
bolus and divided doses of Pan, Atr, and Vecs 
Also, the time to max NMB for divided doses of 


Pan, Atr, and Vec are significantly different from 
bolus dose of same drug. Time to 25% recovery of 
twitch were significantly different for each drug 
but there was no difference when they were 
administered as bolus or divided doses. 


Conclusion. The results show that adequate 
degree of NMB to facilitate endotracheal 
intubation may be achieved with divided doses of 
non-depolarizing neuromuscular blocking drug in 60 


to 90 secs. This regimen may be used to 
facilitate endotracheal intubation when Sux, a 
depolarizing neuromuscular drug, is 


contraindicated or when there is a desire to avoid 
its side effects. 


Reference 
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Table 1. Groups and drug dosage. 
Priming Second Bolus or 


dose dose Total Time 
CED) 9) (2EDgp) dose* Interval 


I Sux - - 1.0 None 

II Pan - - 0.095 None 
III Pan 0.015 0.08 0.095 3 
IV Pan 0.015 0.08 0.095 5 

V Átr ~ - 0.53 None 
VI åtr 0.07 0.46 0.53 3 
VII Atr 0.07 0.46 0.53 5 

VIII Vec - - 0.07 None 
IX Vec 0.01 0.06 0.07 3 
X Vec 0.01 0.06 0.07 5 


*ED) 9 + 2EDg9 except for Sux. 


Fig, il. The effect of administration of 
neuromuscular blocking agents as a bolus dose (o) 
or as divided doses with 3 min (e) or 5 min (M) 
between doses. 
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*p<0.05 Sux vs bolus or divided doses. 
tp<0.05 divided doses vs bolus dose. 
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Introduction. Following an insult of complete 
cerebral ischemia, there is a transient period of 
reactive hyperemia followed by a prolonged period of 
cerebral hypoperfusion which lasts 6-24 h. During 
this time the cerebral blood flow (CBF) may be in- 
adequate to supply the nutrient and oxygen demands 
of the cells, thereby producing an insult of 
incomplete ischemia (1). Nimodipine, a calcium 
entry blocker with cerebrovascular specificity, can 
ameliorate this post-ischemic hypoperfusion and may 
improve neurologic recovery if given before or imme- 
diately after 10 min complete cerebral ischemia in 
dogs (2,3). However, immediate post-resuscitation 
treatment with nimodipine following complete 
cerebral ischemia from cardiac arrest may not be 
possible. The purpose of the present study was to 
determine whether delayed treatment with nimodipine 
might ameliorate or reverse the delayed hypoper- 
fusion state. The effects of nimodipine, given 15, 
30, or 60 min following complete cerebral ischemia, 
on cerebral blood flow and resistance (CVR) were 
measured in dogs. 

Methods. Three groups of six dogs were 
anesthetized with 0.8% halothane, 70% N20, in 02. 
Ventilation was controlled to maintain normocarbia. 
Cannulae were placed in the femoral artery and vein 
for blood sampling and pressure measurement and into 
the posterior sagittal sinus for measurement of CBF. 
Mean arterial pressure (MAP), intracranial pressure 
(ICP), temperature, electrocardiogram, and 4-lead 
electroencephalogram were monitored continuously. A 
right-sided thoracotomy was performed and umbilica! 
tapes were placed around the ascending aorta and 
both venae cavae. After discontinuation of the 
halothane, pre-ischemic control measurements were 
taken. Complete cerebral ischemia lasting 10 min 
was achieved by simultaneously occluding the 
ascending aorta and venae cavae. Immediate resusci- 
tation consisted of the administration of intra- 
venous fluids and NaHCO3. Dogs were then randomly 
assigned to one of three treatment groups. A bolus 
dose of nimodipine, 10 ug:kg^l, followed by a 
constant infusion at a rate of 1 pg-kg74+min-! was 
given at 15, 30, or 60 min post ischemia. Blood 
gases and chemistries, MAP, ICP, CBF, CVR, and CMROo 
were measured for 120 min post-ischemia. Results 
were compared to an untreated group (1). 
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Fig 1: Cerebral blood flow following ischemia 


Results. In all groups there was a transient 
increase in CBF followed by a decrease in CBF until 
treatment with nimodipine was instituted (Fig 1). 

In the groups treated at 15 and 30 min post-ischemia 

CBF remained above 60 mi-min-i-100g-l. In the group 

treated at 60 min there was a progressive decline in 

CBF to 37 ml-min-1-100g-1. CBF immediately 

increased to 48 ml-min-l-100g-l after the nimodipine 

bolus, and during the nimodipine infusion CBF con- 
tinued to increase so that it was maintained above 

50 ml*«min-l-100g-l for the remainder of the study. 

In the nimodipine groups CBF was approximately 

double that of the untreated group. The changes in 

CBF reflected changes in CVR, in which a transient 

decrease in CVR was followed by increased CVR until 

treatment with nimodipine was initiated (Fig 2). 

Discussion. This study demonstrates that nimo- 
dipine is capable of ameliorating or reversing the 
delayed post-ischemic hypoperfusion state. In this 
model of complete cerebral ischemia, restoration of 
blood flow is followed by a prolonged period of 
increased cerebrovascular resistance which severely 
limits CBF such that a state of incomplete ischemia 
may be produced. Delayed treatment with nimodipine 
at 15 and 30 min can prevent such severe hypoper- 
fusion; and nimodipine treatment at 60 min can 
markedly decrease the CYR to improve CBF. Since 
this post-ischemic hypoperfusion state is believed 
to contribute to the ultimate neurologic damage, 
treatment with nimodipine, even if delayed up to 60 
min, may improve outcome. 
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INTRODUCTION. Although intravenous narcotics 
may offer anesthesia with preservation of 
cardiovascular function and without production of 
stress-related hormones, post-operative 
hypoventilation with hypercapnia may be a problem. 
After naloxone reversal of narcosis, severe 
hemodynamic instability may ensue; arrhythmias, 
hypertension, pulmonary edema, and even deaths have 
been reported (1,2,3,4). In this study we 
investigated in the canine model the effect of 
arterial carbon dioxide tensions on the 
cardiovascular response to narcotic reversal. 


METHODS. Six dogs each underwent three 
randomized experiments, no dog repeating sooner 
‘than two weeks, The dogs were induced with 10 


mg/kg intravenous thiopental and intubated after 1 
mg/kg succinylcholine. Enflurane (1,596 inspired) in 
oxygen was given by controlled ventilation 
throughout the experiment. Percutaneous venous and 
arterial cannulae were placed for drug 
administration, fluid replacement, and continuous 
blood pressure measurement and blood sampling. 
Periodic measurements included systolic, diastolic, 
and mean arterial pressures (BP), heart rate (HR), 
and plasma epinephrine (E) and norepinephrine (NE) 
levels as determined by high performance liquid 
chromatography. After a control sample, 50 mcg/kg 
fentanyl (F) was given over 5 minutes and 
measurements were done 5 and 45 minutes later, for 
all dogs. Ventilation was then changed to produce 
an arterial CO, tension of 20 torr (Group 1), 35 
torr (Group 2), or 60 torr (Group 3) and 


measurements were repeated. End-tidal CO, was 
followed by mass spectroscopy and confirmed by 
arterial blood gas determinations. After the 


ventilation change none of the  unparalyzed dogs 
moved or attempted to breathe. Vecuronium (0.1 
mg/kg) was given two minutes before naloxone (Nx), 
0.4 mg, was injected and measurements were taken I, 
5, and 10 minutes thereafter. After restoring 
normocapnia, a further set of measurements was 
taken, and an additional 0.4 mg bolus of Nx was 
given followed by the final sample. After analysis 
of variance and appropriate t-tests, P < 0.05 was 
used for statistical significance. 

RESULTS. The administration of F resulted in 
the prompt decrease in BP and HR (P « .01), which 
persisted over the next 45 minutes. Plasma E and 
NE levels were also significantly suppressed. Forty 
five minutes after F, Group 3 animals were 
hypoventilated to an arterial CO, of 65 torr, which 
caused a significant increase in HR, E, and NE 
levels. Group 1 dogs were hyperventilated to a CO, 
of 25 torr, which significantly increased HR. 
Group 3 dogs had significantly greater elevations in 
HR, E, and NE levels when compared with Groups 1 or 
2 after the CO, change. Naloxone resulted in prompt 
and significant increases of HR and BP for all 
groups, which persisted for 10 minutes. One minute 
after Nx, BP was significantly higher in Group 3 
compared with Group ! (but not Group 2) and E was 
higher in Group 3 than either Group 1 or 2. 
In fact, significant changes in E following naloxone 
never occurred in Group 1. Restoring ventilation to 


normocapnia, and the second naloxone administration 
produced no statistically significant changes. 

DISCUSSION. Naloxone reversal of F produced 
dramatic increases in the hormonal and 
cardiovascular parameters measured. The 
catecholamine changes occurred much more quickly (1 
vs. 5 or 10 minutes) and mean BP was significantly 
higher in the hypercapnic compared with hypocapnic 
dogs. It appears from this study that the abrupt 
sympathetic cardiovascular response to narcotic 
reversal can be blunted if normo- or hypocapnia is 
established priór to naloxone administration, 
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Introduction. Hyperkalemia following succinyl- 
choline has been described in a variety of upper 
motor neuron disorders (1-3). Two reports of 
succinylcholine-induced hyperkalemia without 
accompanying EKG changes (4,5) in patients with 
upper motor neuron pathology led us to investigate 
whether "transient acute silent hyperkalemia” 
occurred with any frequency in patients with brain 
tumors, either with or without evidence of motor 
nerve disturbances. 


Methods. The study protocol was approved by 
the University Human Investigation Committee and 
informed consent was obtained. The subjects were 
15 consecutive patients scheduled for elective 
craniotomy and tumor resection. Patients ranged in 
age from 44-75 years and were free of significant 
concurrent cardiopulmonary disease. Preoperative 
computed tomography (CT) scans revealed supraten- 
torial tumors greater than or equal to 3 cm diameter 
in all patients. Nine of the 15 patients had 
hemiparesis or weakness of 2 days to 4 months 
duration prior to the day of surgery (Table 1). 
Peripheral cannulae for fluid and drug administra- 
tion and a 20-gauge radial arterial catheter for 
blood pressure monitoring and blood sampling were 
placed using local anesthesia. EKG lead II was 
continuously monitored. General anesthesia was 
induced with thiopental 6 mg/kg IV and 70% nitrous 
oxide in oxygen. Ventilation was carefully 
controlled by mask to maintain a constant end-tidal 
CO, concentration verified by capnography. One 
minute before succinylcholine was given, an arterial 
blood sample was obtained for determination of 
baseline serum K* level and blood gas tensions. 

One minute later, succinylcholine 1 mg/kg IV was 
administered over 5 sec. Repeat blood samples were 
obtained. 1 and 10 min after succinylcholine and 
also were analyzed for serum K+ level and blood gas 
tensions. Changes in serum K+, arterial pCO,, and 
pH were compared using Student's t-test for paired 
data. P<0.05 was regarded as significant. 


Results. There was no statistically 
significant change in serum K+, arterial pCO,, or 
arterial pH after succinylcholine (Table 2). The 
maximum individual increase in serum K* was 
0.4 mEq/]. No change in the ECG complex occurred 
following succinylcholine in any patient. 





Discussion. The use of succinylcholine in 
patients with upper motor neuron pathology is 
controversial. The occurrence of hyperkalemia 
in patients with encephalitis (1), tetanus (2), 
ruptured cerebral aneurysms (3,4), and one patient 
with a brain tumor(5) has led many to conclude that 
succinylcholine should be avoided in all patients 
with CNS pathology. Conversely, this study and 
recent work in patients with cerebral palsy (6) 
indicate that succinylcholine may not be harmful, 
even in the presence of motor deficits. We 
deliberately measured serum K* one minute after 
succinylcholine, a time when peak increases in K* 
have been reported in patients with upper motor 
neuron lesions who became hyperkalemic after 


succinylcholine (4). In conclusion, we found no 
evidence to support the contention. that 
succinylcholine might cause hyperkalemia in 
patients with brain tumors; we believe that when 
use of succinylcholine is indicated in such 
patients, it should not be withheld. 
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Table 1. Preoperative Neurological Status and 
Awake Intracranial Pressure (ICP) in 15 Patients 
With Brain Tumors 


Patient Neurological Status ICP 
1 Normal 10 
2 1 week left-sided weakness 10 
3 Normal 15 
4 Normal 15 
5 4 months mild left-sided weakness 20 
6 1 week left hemiparesis I5 
7 l month right hemiparesis 17 
8 2 days right hemiparesis 17 
9 Normal 15 

10 Norma] 15 
11 3 weeks right-sided weakness 15 
12 Normal 12 
13 ] month left hemiparesis 15 
14 2 weeks left hemiparesis 25 
15 1 month left hemiparesis 10 


Table 2. Serum Potassium (K+), Arterial pCO. and 
pH Before and After Succinylcholine (Sch) 1 mg/kg 
in 15 Patients with Brain Tumors 


1 Minute 1 Minute 10 Minutes 
Before Sch After Sch After Sch 
K+ (mEq/L) 3.5+0.1 3.5+0.1 3,540.1 
PaCOs 37.741.4 38.0+1.4 38.0:1.9 
pH 7.43+0.01 7.43+0.01  7.42x0.01 


ATT values mean + SE; No significant differences 


(p«0.05) occurred in any of the values measured 
following succinylcholine. 
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Introduction. The ideal agent for neuro- 
muscular blockade in patients with reduced 
intracranial compliance should have minimal impact 
on both intracranial pressure (ICP) and systemic 
hemodynamics. Vecuronium is known to possess 
little hemodynamic effect (1) and a recent animal 
model has demonstrated no effect on ICP when intra- 
cranial compliance was artificially impaired (2). 
In order to determine whether these findings apply 
to humans, we have investigated the effect of 
vecuronium on ICP in patients with brain tumors. 


Methods. The study protocol was approved by 
the University's Human Investigation Committee and 
informed consent was obtained. The subjects were 
10 consecutive patients scheduled for elective 
craniotomy and tumor resection. Patients ranged in 
age from 47-75 years and were free of significant 
concurrent cardiopulmonary disease. Preoperative 
computerized tomography scans revealed supra- 
tentorial tumors greater than or equal to 3 cm 
diameter in all patients. Peripheral venous 
cannulae, a 20-gauge radial arterial catheter and a 
subarachnoid pressure bolt were placed under local 
anesthesia. Radial arterial and intracranial 
pressures were continuously transduced and recorded 
(Brush Model 440 recorder) with the zero reference 
point at the external auditory meatus. While the 
patients were awake, the intracranial volume- 
pressure relationship was assessed by injection of 
i ml of mock CSF through the pressure screw while 
the corresponding change in ICP was recorded. 
Anesthesia was then induced with thiopental, 

6 mg/kg IV, and endotracheal intubation was 
performed after additional thiopental, 4 mg/kg IV, 
and succinylcholine, 1 mg/kg IV. Anesthesia was 
maintained with 70% N.0 in 0, and ventilation was 
controlled to maintain end-tidal CO, tension at 
control values. Arterial blood gas samples drawn 
2 minutes before and after vecuronium verified 
constant alveolar ventilation during the study. 
Recording of neuromuscular function was begun 
immediately after the initial dose of thiopental. 
Monitoring was performed with a force-displacement 
transducer measuring adductor pollicis twitch 
height in response to supramaximal ulnar nerve 
stimulation at 0.15 Hz delivered for a duration of 
0.15 ms via 25-gauge subcutaneously placed needles. 
Following complete resolution of prior succinyl- 
choline effect and a stable period of ICP and 
arterial pressure, vecuronium, 0.14 mg/kg IV, was 
administered as a bolus. Constant controlled 
ventilation was continued until 3 minutes after 
vecuronium administration. Sequential measured 
values for ICP and mean arterial pressure (MAP) 
were compared using one-way analysis of variance. 
Specifically, values obtained each minute after 
vecuronium were compared with both the awake 
control values and values obtained immediately 
before vecuronium administration.  P«0.05 was . 
considered significant. 


Results. The patients studied are 
characterized in Table 1. All had computerized 
tomography findings that suggested the potential 


for abnormal compliance as evidenced by 
significant cerebral edema or a shift of midline 
structures. Eight patients manifested compromised 
compliance with VPR > 2 mmHg/ml. Six patients 
exhibited markedly abnormal compliance with VPR » 
4 mmHg/ml. Study results are summarized in Figure 
1. No statistically significant changes occurred 
in ICP or MAP after vecuronium, 0.14 mg/kg IV, was 
given. Arterial blood gas analysis before and 
after vecuronium confirmed constancy of 
ventilation and normocarbia (Table 1). Time to 
onset of 100% neuromuscular blockade following 
vecuronium was 107434 seconds (mean+S.D.). In all 
cases, 100% blockade occurred prior to the end of 
the 3-minute study period. 


Discussion. Whereas other muscle relaxants 
in widespread clinical use may have profound 
effects on ICP or systemic hemodynamics, we found 
that vecuronium, 0.14 mg/kg, has minimal effect on 
both ICP and MAP in patients with brain tumors. 

We conclude that vecuronium is a safe and 
effective neuromuscular blocking drug in patients 
with intracranial mass lesions. 


Table 1 


Intracrania 
CT Appearance of Tumor anutiance Arterial pCO, (mmHg) 
| shifti) | Edema(o-3)*| altPimiy/m) | yecuroni 
Shift(mn £dema(0-3)*] aICP(mmHg/m]) Yecuronium 


7,521.9 2.1+0.2 4,120.6 38:2 












After 
Vecuronium 







Diameterícm) 
4,220.4 


All values = meantSEM 
*0 = no edema, 3 = edema throughout ipsilateral hemisphere 


EFFECTS OF VECURONIUM ON ICP AND MAP 
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Introduction. Because of its high tissue solu- 
bility and potency, fentanyl may enable analgesia 
and sedation to be provided in a novel way, via 
topical administration, Fentanyl's stability, re- 
sistance to heat and solubility in candy matri- 
cies suggest that it could also be incorporated 
into a non-threatening, psychologically appealing 
delivery system, a candy lollipop. The purpose 
of this study was to evaluate fentanyl lollipop 
premedication in 28 adult human volunteers in 
terms of onset, duration and magnitude of analgesia 
and sedation, respiratory and circulatory changes, 
plasma fentanyl concentrations and side effects. 


Methods. Approval was received from the FDA 
and the institutional human research board and 
permission obtained from 28 volunteers, 25-35 yrs 
Old and 53-91 kg. The lollipops were made by 
heating a candy base to 150?C and adding 5 mg 
(n=7), 4 mg (n=3), 2 mg (n8), 1 mg (n=2) and 0.5 
mg (n=8) of fentanyl citrate crystals when the 
base cooled to 121?C. Following this the candy- 
fentanyl mixture was poured into molds at 107°C, 
a stick added and the lollipops allowed to cool 
and harden before removal from the molds. The 
volunteers had an IV infusion, continous Nellcor 
pulse oximetry, a standard blood pressure cuff and 
breathed room air. A Tursky (graded, electric pain 
delivering) electrode was attached to a forearm. 
Following this baseline systolic blood pressure 
(SBP), heart rate (HR), oxygen saturation, respir- 
atory rate (RR) and end-tidal CO (PETCO2) were 
obtained and pain threshold measured using the 
Tursky electrode. After this, volunteers were 
given a lollipop and instructed to suck as fast 
(FS; n=20) or slow (SS; n=8) as comfortably pos- 
Sible. Repeat measurements of all variables were 
made at 10 min intervals and venous blood samples 
(5 ml) obtained for fentanyl assay every 20 min 
for the first hr, every 30 min for the second hr 
and hourly thereafter for 8 hrs. When the vol- 
unteers' oxygen saturation became lower than 80%, 
they were instructed to take a deep breath.  Vol- 
unteers were asked to indicate when they first 
"felt different" and were questioned every 15 min 
to determine if they experienced nausea, pruritus, 
a headache or any other problem. Volunteers hav- 
ing one or more episodes of desaturation (02 sat 
< 80%) while sleeping or comfortably resting dur- 
ing the last hour of the experiment were given 
naloxone 0.4 mg, IV, in divided increments. Data 
were analyzed for statistical significance using 
analysis of variance, chi-square and t-test with 
Bonferroni correction factor. 


Results. Consumption of the lollipops was sig- 
nificantly faster with fast suction (FS) 6.0 + 
1.8 min than slow or passive suction (SS) 44 * 16 
min and resulted in a faster onset of subjective 
changes (pleasant sleepy feeling) 7.7 * 3.2 vs 
22.1 + 5.3 min. Onset of significant analgesia 


(defined as a 20% or greater increase in pain 
threshold) was similar (20-30 min) with all doses of 
lollipops but occurred faster (18 + 8 vs 36 + 13 
min) with FS than SS. Many volunteers with high 
dose (4 and 5 mg) lollipops experienced marked 
degrees of analgesia (maximal safe current) and 
some would have tolerated electric currents which 
may have destroyed tissue. It was not always pos- 
sible to precisely determine time of peak analgesic 
action but it appeared to be more closely related 
to speed of suction (20-35 min with FS vs 55-70 min 
with SS) than dose of fentanyl.  Analgesia often 
lasted up to 8 hours with 4 and 5 mg lollipops but 
was only apparent for 60-100 min with 0.5 and 1.0 
mg lollipops.  PETCOo became and remained signif- 
icantly elevated (102 » baseline) and respiratory 
rate significantly decreased (10% < baseline) at 
approximately the same time patients became anal- 
gesic. However, RR was not significantly changed 
at any time in volunteers getting 0.5 and 1.0 mg 
lollipops. PETCOo became elevated sooner and re- 
mained elevated longer with higher doses of fen- 
tanyl (4 and 5 mg) and FS than lower doses (0.5 
and 1.0) and SS. Peak PETCOg values (52 + 3 torr) 
were similar irrespective of rate of suction or 
dose of fentanyl after 2, 4 and 5 mg lollipops but 
were significantly lower 41 + 3 torr after 0.5 and 
1.0 mg lollipops. Peak plasma fentanyl concentra- 
tions varied a great deal but were highest with 
higher dose lollipops and occurred sooner with FS 
(10-25 min) than SS (45-70 min). Plasma fentany! 
reached values as high as 20-25 ng/ml with the 
high dose lollipops and ranged between 0.7 and 3.1 
ng/ml after 8 hrs. Eighty-six, 67 and 20% of volun- 
teers having 5, 4 and 2 mg lollipops, respectively, 
needed occasional reminders to "take a breath" be- 
cause of a decrease in oxygen saturation and one 
was given naloxone at the end of the experiment. 
No volunteers receiving 0.5 and 1.0 mg lollipops 
experienced any desaturation.  SBP and HR were not 
significantly altered irrespective of speed of suc- 
tion or dose of fentanyl consumed. Side effects 
were limited to volunteers receiving 2, 4 and 5 mg 
lollipops and included nausea (61%), vomiting (11%) 
and headache (33%). Interestingly no subject experi- 
enced any rigidity and side effects were most noted 
at the end of the study when volunteers stood up. 


Discussion. These data demonstrate that fen- 
tany! impregnated lollipops result in rapid in- 
creases in plasma fentanyl] with accompanying anal- 
gesia, respiratory depression and usual opioid side 
effects (except rigidity) with high doses. The 
results suggest that lollipops with 0.5 and 1.0 mg 
(5-15 ug/kg) of fentanyl produce significant anal- 
gesia and sedation for short periods (1-2 hrs) with 
no side effects and little respiratory depression 
and deserve further study for premedication. Higher 
doses seem to cause too much respiratory depression 
and other side effects to be considered for premed- 
ication. l 
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Introduction. Administration of a subclinical 
dose of nondepolarizing muscle relaxant has been 
shown to facilitate the neuromuscular effect of a 
subsequent dose of the same or another muscle 
relaxant in adults; so called the priming principle 
by Foldes.i Atracurium, a new nondepolarizing muscle 
relaxant of intermediate duration provides "excellent" 
intubation condition in children in about 2.5 min.?, 
which is faster than that of pancuronium or d-tubocu- 
rarine but still slower than that of succinylcholine. 
The present study was undertaken to investigate the 
onset and duration of action of the intubation dose 
of atracurium preceded by a small priming dose in 
pediatric patients. 

Method. This investigation was approved by the 
Institution Review Board and informed consents were 
obtained from parents of all the patients prior to 
their enrollment into the study. Thirty ASA Class 
I-II children under 12 years of age undergoing 
elective surgeries were premedicated with atropine 
0.01 mg/kg I.M. and anesthetized with halothane-N20- 
02 by mask. After attaining a stable plane of anes- 
thesia at 1.52 halothane, patients were randomly 
allocated into two groups. Group A of 15 patients 
received a single injection of 0.4 mg/kg atracurium 
I.V. and group B of 15 patients received a priming 
dose of 0.1 mg/kg atracurium I.V. followed by à sub- 
sequent dose of 0.3 mg/kg 6 minutes later. The 
degree of neuromuscular block was monitored continu- 
ously in all patients with a Datex Relaxograph EMG 
monitor which recorded the compound EMG response of 
the thumb twitch evoked by ulnar nerve stimulation 
with supramaximal train-of-four stimuli (2 Hz). 
Endotracheal intubation was performed when twitch 
height reached 902 depression. The intubating condi- 
tion was rated by a four-point scale of excellent, 
good, poor or unfeasible. Anesthesia was maintained 
by halothane 1% in N20 and 02 (2:1) with controlled 
ventilation to keep end-tidal Pco2 at 30-40 mmHg. 
Rectal temperature was maintained at 35-370C. 
"Clinical duration" of the muscle relaxant was meas- 
ured as the time from injection to spontaneous 
recovery of twitch EMG to 252 of control. 

Results. Both groups were comparable in their 
demographics with age distribution of 6.55 + 2.81 
year for group A and 6.70 + 2.45 year for group B 
(Table I). The onset time for 90% twitch depression 
was much shorter for group B, being 1.8 + 0.5 min., 
than that for group A (2.9 + 0.9 min.) and the dif- 
ference 1s highly significant (p« 0.001). Conditions 
for intubation were rated excellent in 14/15, good in 
1/15 of patients in group A, and excellent in 13/15, 
good in 2/15 of patients in group B. There were no 
significant differences between the two groups in 
either the maximal degree of twitch depression or 
spontaneous recovery time (Table II). 

Discussion. Succinylcholine provides rapid 
onset of muscle relaxation for intubation; but being 
a depolarizing neuromuscular blocker, it causes many 
adverse cardiovascular effects, especially in 


children.3 Atracurium, a nondepolarizing muscle 
relaxant, is shown to have minimal cardiovascular 
effect at the recommended clinical dose.“ Nagashima, 
et al., reported that a priming dose of atracurium 
0.075 mg/kg followed by 0.25 mg/kg provided good in- 
tubating conditions in 1.4 minutes in adult patients.4 
Our study demonstrated that in anesthetized children, 
the priming technique can also be applied to speed up 
the onset of neuromuscular effect of atracurium. The 
priming dose of 0.1 mg/kg followed by 0.3 mg/kg are 
within clinical range and it provides excellent intu- 
bating conditions in about 100 seconds, a significant- 
ly shorter onset time than that following single bolus 
dose of 0.4 mg/kg. Although still not ideal, this 
facilitated onset might prove bensficial in situations 
where a rapid sequence induction-intubation is indi- 
cated and the use of succinylcholine is deemed 
undesirable in pediatric patients. 
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Table I 










B (n215) 
6.70*2.45 yr. 
7M, 8F 

17 .344.3 kg 







6.55+2.81 yr. 
9M, 6F 


Weight | 16.4+5.2 mg 


I1 


Neuromuscular Effects (mean + S.E.M.) 













0.4 mg/kg 0.1 * 0.3 mg/kg 


Onset time for 90% 


twitch depression 2.9*0.9 min. 1,8*0.5 min.* 
Maximal twitch 

depression 93.642. 52 95.2*1.92 
Clinical duration 29.747.4 min. 31.145.0 min. 
Intubation condition 14/15 Excellent | 13/15 Excellent 


1/15 Good 2/15 Good 





*p «0.001 
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Introduction. This investigation reports a ; . 
a re Figure 1. Absolute changes in plasma glucose 
comparison of the cardiovascular and hormonal * T : 


: and cortisol and $ change in plasma insulin level 
changes associated with general (GA) and epidural associated with generaloand epiduraleanesthesia 
anesthesia (EA) for Cesarean Section (CS). (control plasma insulin GA 5.7940.45 ng 171; 


epidural 8.542.66 ng 171). 
Method. This study was approved by the p TT 3 


regional ethical committee and all patients gave 


informed consent. Healthy women who had an 6.0 GLUCOSE 
uncomplicated mature pregnancy, to be delivered by 
elective CS because of disproportion, received oral 5.0 1 $ i 


antacid treatment, had an i.v. infusion of 0.6 


molar lactate established and were placed in E 4.0 $ $ 

lateral tilt for 30 min prior to induction of E : $ 3 1 : $ 
either form of anesthesia. GA consisted of pre- E 3.0 

oxygenation, i.v. thiopental sodium dose 4-6 mg 

kg", suxamethonium 75 mg and following the 2.0 

establishment of a cuffed endotracheal airway, 

nitrous oxide 50% in oxygen supplemented with 0.5% 1.0 

halothane. Ventilation was controlled to produce 

normocapnia using an endtidal CO% analyser and 0 

further muscle relaxation was provided by Contro! PIU] 30 60 90 120 
pancuronium. EA was established in the left 

lateral position and 0.5% plain bupivacaine was 1600 CORTISOL 

given by intermittent injection at 10 min intervals 

until the block reached the Tg dermatome. These 1500 

women received at least 1.0 L of the crystalloid 

infusion before and during the onset of the block, 1400 

All patients were in left lateral tilt of 15° to 

20. 1300 

Maternal blood pressure and heart rate were 
measured before and at 10 min intervals throughout T 1200 
the operative period. Blood samples, drawn from o 
the non-infusion arm, were taken before and at € 
corresponding time intervals in the EA and GA E 1100 
groups for estimation of catecholamines, cortisol, 
glucose and insulin levels. The findings for all 1000 
parameters were subjected to within and between | 
group analysis. 900 | 

Results. Twenty five women were included, 16 800 
receiving GA and 9 EA. GA was associated with T 
marked elevation of both systolic {(+20%), diastolic Qi ————————————— 
(4258), blood pressure and heart rate (4445) Control PIU 30 60 90 120 
immediately after endotracheal intubation. Little +110 INSULIN 
variation of these parameters occurred with an 
epidural block, except for one hypotensive episode 100 
requiring i.v. ephidrene. Marked and significant 
increases in adrenaline and noradrenaline levels 80 
were associated with light GA, the former being 
150$ and the latter 75$ above their control values 60 
at the time of uterine incision. The changes in = 
plasma cortisol, glucose and insulin are shown in e 4Q 
Fig. 1, the elevations in those having GA being 5 
significant at various times throughout the x 20 | | 
operative period. 

Discussion. This investigation shows that EA j . 
protects the parturient from the cardiovascular and 20 } 
hormonal changes associated with CS under GA. i 
Regional block would seem a better method of 
anesthesia where cardiac or metabolic disorders e catre PI Ul 30 60 90 120 


complicate a pregnancy requiring CS delivery of the 
infant. 
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Introduction.  Epidural narcotic administration 
requires "close monitoring" to guard against acute or 
delayed respiratory compromise. However, monitoring 
practices have not been well described in the litera- 
ture. We therefore surveyed anesthesiologists about 
their monitoring of and experience with spinal narco- 
tics. 


Methods. A survey was sent to 110 American 
anesthesia departments containing questions on the use 
of narcotics for epidural (EN) and subarachnoid (SAN) 
analgesia. The following questions were asked: Do 
you use EN or SAN? If so, how large is your experi- 
ence? In what hospital areas are EN or SAN used for 
acute pain problems? What patient monitoring do you 
use and for how long after a dose is the monitoring 
continued? What serious reactions have occurred? 
Spaces were provided for exact numbers of administra- 
tions if know. If no known, a range could be chosen. 
For statistical purposes, the lowest number in the 
range was used. Spaces were provided for comments. 


Results. 73 questionaires were returned (662 
response). 60 centers reported use of EN or SAN. The 
total experience represented was at least 6153 injec- 
tions. 25% of respondents who administer regional - 
narcotics had scant experience (less than 10). 502 
had limited experience (10-100/yr.). 25% had exten- 
sive experience, performing more than 100 per year. 
Morphine and fentanyl are the most, commonly used 
agents. (Table 1) Epidural narcotics were employed 
more commonly in pain situations than SAN. (Table 2) 
Most (672) of the institutions using regional narco- 
tics reported confining EN or SAN to the ICU setting 
or to specialized observation units with low patient- 
nurse ratios. However, 20 (33%) centers reported 
using En in locations classified as ward settings with 
limited nurse-patient contact. The locations reported 
for administering regional narcotics and monitoring 
them are listed in Table 3. Patient monitoring de- 
vices included EKG and apnea monitors (unspecified). 
The duration of observation ranged from 15 minutes to 
48 hours (mean 18 hours). 


Serious side effects reported included respira- 
tory insufficiency (RI), respiratory arrest (RA) and 
death. Most complications occurred with EN. (Table 
4) SAN complications were confined to reports by two 
centers of an unspecified number of episodes of RI 
without RA or death. 


Discussion. Experimental studies on healthy 
volunteers have shown delayed and prolonged effects 
from spinal narcotics with blunted CO, responses as 
late as 24 hours following injection fl). However, 

a recent large series has reported very low incidences 
of respiratory complications (2). 


This report suggests that some 20/110 (182) of 
American departments of anesthesia are able to safely 
administer EN/SAN in a ward situation. Serious or 
fatal problems were reported to occur no less than 
29/6153 administrations (.4X) overall. Among those 
restricting EN/SAN to intensive monitoring situations 


the frequency was no less than 14/2148 (.62). Those 
reporting some ward use had complications at a rate of 
15/4005 (.32). Details of serious complications were 
not obtained. Also, the fraction of cases done in 
each patient care setting was not recorded. It is 
possible that the serious reactions occurred in 
relatively few ward-monitored patients. 


TABLE l: Numbers of Institutions Using Various Routes 


and Agents 
NARCOTICS EPIDURAL SUBARACHNOID 
Morphine 57 26 
Fentanyl 32 l 
Hydromorphone (Dilaudid) 7 -- 
Methadone 3 -- 
Meperidine (Demerol) 2 H 
Butorphanol 2 -- 
Sufentanil 1 ze 





TABLE 2: Numbers of Institutions Reporting Uses of EN 








or SAN 
PAIN CONDITION EPIDURAL _ SUBARACHNOID 
Post-op pain management 52 13 
Chronic pain 42 11 
OB - post partum 26 2 
OB - labor 19 4 
Acute trauma I2 -- 
Intra-op analgesia 4 =- 


TABLE 3: Numbers of Institutions Reporting Various 
Locations for EN and SAN Use 


LOCATION EPIDURAL SUBARACHNOTD 
ICU 47 9 
PAR 38 4 
Supervised OB Unit 24 -- 
Ward 20 -- 
Operating Room - only 17 i 


— 





TABLE 4: Serious Complications (EN Only) 


MONITORING OR USE COMPLICATION 
(Reported Administrations) 
RI RA DEATH 
ICU only (2148) 212 1 1 
Ward and ICU (4005) >10 4 i 
A11 (6153) >22 5 2 
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Introduction, Preoxygenation with 100% 02 for 3 
to 5 minutes with subsequent denitrogenation of the 
lungs has become a common practice prior to induct- 
ion of a general anesthetic. Gold et al in 1981 
demonstrated in healthy volunteers that 5 minutes of 
100% 02 or 4 deep breaths of 100% 02 raised arterial 
oxygen tension (Pa0O2) above 340 mm Hg.^ More 
recently two groups have extended this to the part- 
urient at term.2»? Both groups concluded that for 
the parturient, either technique was equally effect- 
ive in increasing Pa05? prior to induction of general 
anesthesia. The purpose of this study was to examine 
the effectiveness of preoxygenation techniques in a 
population with a characteristic pattern of pulmonary 
derangement, the morbidly obese patient. Pulmonary 
derangements in the morbidly obese include decreased 
compliance, increased work of breathing, reduced 
respiratory muscle efficiency, altered distribution 
of ventilation, decreased lung volumes (particularly 
FRC), and increased oxygen consumption. In addition 
to pulmonary changes these patients are at increased 
risk of acid aspiration. Under such circumstances a 
rapid sequence inductíon with Sellick's maneuver is 
recommended. Such a technique relies on preoxygen- 
ation to provide protection against hypoxemia. 

Methods. Approval was obtained from the 
Committee on the Conduct of Human Research. Informed 
consent was obtained from 13 morbidly obese patients 
free from additional cardiopulmonary disease, 
scheduled for elective abdominal surgery under 
general anesthesia. Narcotics were excluded from all 
preoperative and induction medications. A 20 gauge 
radial arterial line placed prior to induction was 
used for all blood sampling. 100% 02 was delivered 
via a circle system at 8 l/min. flow. The OR table 
was placed in a 15-degree reverse Trendelenberg 
position. Patients were randomly assigned to one of 
two groups, Group I (n=7), arterial blood gases (ABG) 
were drawn following each measurement condition in 
this sequence: 1) room air (baseline), 2) 3 minutes 
tidal breathing 100% 05, 3) 5 minutes of room air 
(return to baseline), 4) 4 maximal deep breaths of 
100% 02 over 30 seconds, 5) after endotracheal tube 
placement and prior to ventilation. The sequence of 
conditions 2 and 4 were reversed in Group II (n=6). 
Results were analyzed utilizing an analysis of var- 
iance and Bonferroni t~statistics. 

Results. A significance level of p 0.05 was 
considered statiscally significant. There was no 
significant difference between Group I and II with 
. respect to Pa02 after 4 maximal deep breaths of 
1004 059 or after 3 minutes of tidal breathing of 
100% 02, therefore the results for both groups were 
pooled. Table I shows the mean PaO2 for each 





experimental condition (pooled data). There was no 
significant difference between the mean PaO of 
either preoxygenation method, There was no signific- 
ant difference between the baseline PaO9 and the 
return to baseline Pa02 (maneuver 3). The mean PaO? 
after intubation was significantly different from 
both the baseline and preoxygenation maneuvers. 

Discussion, The results of our study indicate 
that both methods are effective in raising the Pa09 
of the morbidly obese patient to levels consistently 
above 300 mm Hg. The range of PaO» on intubation 
revealed wide variation and served to underscore the 
importance of the margin of safety afforded by pre- 
oxygenation of the morbidly obese, The results of our 
study demonstrate that this method ( 4 deep breaths) 
of preoxygenation is effective in a patient popul- 
ation with a characteristic pulmonary derangement. We 
feel that the advantages of being able to adequately 
preoxygenate over a relatively short period of time 
are beneficial, particularly in the anxious or 
emergency patient, 
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Table I: Mean PaO. with various preoxygenation 
techniques (pooled data) 





Mean PaO2 (mm Hg) Code* 


4 deep breaths 437.5 A 
100% 0, x 3 min 413.3 A 
room air x 5 min 96.9 B 
baseline 92.5 B 
post intubation 235.8 C 


* means with the same letter code are not signific- 
antly different 


Table II: Comparison of groups mean PaO. with 
various preoxygenation techniques 


Group I (n=7) Group II (n=6) 


baseline 90.6 + 5.5 94.8 + 5.3 
100% 09 x 3 min 368.3 + 55.2 459.2 + 45.6 
room air x 5 min 94,6 + 6.0 99.7 + 7.0 
4 deep breaths 418.8 + 32.2 465.8 + 20.3 
post intubation 236.4 + 68.4 235.2 + 56.6 
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INTRODUCTION air-curve. Control EEG showed a normal background 


Isoflurane is unique amongst currently available 
inhalational anesthetics in that in clinically relevant 
concentrations it can induce an isoelectric EEG 
without the production of seizure activity. We 
investigated the effects of this agent on cerebral 
blood flow (CBF), oxygen consumption (CMRO;) and 
the EEG to determine whether it can improve cerebral 
oxygen supply-demand balance. ; 


Methods 


Following institutional approval and after 
obtaining written informed consent, 7 patients (mean 
age 30+9 years) undergoing closed-heart surgery for 
ablation of accessory conducting pathways (Wolff- 
Parkinson-White syndrome) were studied. Patients 
were premedicated with either morphine 0.15 mg/kg 
LM. and lorazepam 0.06 mg/kg P.O. or demerol 1 
mg/kg I.M. 90 minutes prior to surgery. In addition to 
radial artery and central venous pressure catheters, a 
catheter was inserted percutaneously via the right 
internal jugular vein into the jugular foramen for 
sampling effluent cerebral venous blood. Cerebral 
blood flow was determined using an inert gas 
washout technique utilizing '??Xe and an array of 10 
scintillation detectors, 5 over each cerebral 
hemisphere. CBF values were corrected for changes 
in temperature and hematocrit. CMRO; was calculated 
from the arterial-jugular O2? content difference and the 
mean right hemispheric CBF. The EEG was 
continuously recorded on a Nihon-Kohden polygraph 
utilizing a 10-channel bipolar parasagittal montage 
with sensitivity of 74V and a paper speed of 15-30 
mm/sec. Control measurments were made prior to 
induction of anaesthesia with the patients breathing 
100% of 0;. After induction of anaesthesia with 
thiopental 5 mg/kg and pancuronium 0.10 mg/kg, the 
patients were intubated and ventilated with 100% O; 
and isoflurane. Following a minimum of 30 minutes 
ventilation with 2.5% inspired isoflurane, repeat 
hemodynamic and CBF measurements were obtained. 
Data were analyzed by an unpaired t-test where 
p<0.05 is significant. 


Results 


{see table) All patients tolerated anaesthesia and 
surgery without problem. In 2 patients control CBF 
measurements were not obtained as a tight mask fit 
was not achieved producing an uninterpretable !*3Xe 


of low-voltage alpha activity while 2.596 inspired 
isoflurane induced burst-suppression in 5 of the 
patients with periods of uninterrupted isoelectríc 
activity lasting up to 12 minutes in 2 patients. Two 
other patients displayed irregular high-voltage activity 
of 100-150 nV amplitude and 3-6 c.p.s. frequency 
throughout the study and did not exhibit burst- 
suppression even following prolonged inhalation of 
3.596 isoflurane. Overall 2.596 isoflurane did not 
significantly lower CBF while CMRO; was reduced by 
nearly 50%. 


Conclusions 


In most patients inhalation of 2.596 isoflurane 
produces a characteristic burst-suppression EEG 
pattern and is capable of inducing a significant 
reduction in CMRO; while maintaining CBF at pre- 
anaesthetic values. These results confirm in man 
what has previously been demonstrated in animals.' 
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TABLE (mean S.D.) 


2.5% 
CONTROL ISOFLURANE 
n (Patients) 5 7 
CBF (ml/100g/min) 46.3+4.9 44.53-6.8 


CMRO; (mi/100g/min) 2.47+0.39 1,290.26? 


CPP* (mm Hg) l 89+10 69+ 15+ 
CO; (mm Hg) 39+5 386 
TEMP (°C) 36.6+0.4 35.8+0,5+ 


(*CPP «mean arterial pressure minus jugular pressure} 
* p«0.05; ,p«0,.001 


Supported in part by grant no. 84-41 from P.S.I. Foundation and 
a grant from U.W.O. Second Century Fund. 
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Introduction.  Post-anesthetic shivering (PAS) 
a well-known clinical phenomenon, can cause many 
post surgical complications, including hypoxemia and 
infarct (1-4). Patients particularly at risk include 
those with pre-existing compromised cardiovascular 
and/or pulmonary systems. Since the incidence of 
many heart, lung and vascular diseases increases with 
age, the present study was designed to determine 
the incidence of PAS relative to age. 


Methods. After approval of the study by the 
local Human Research Internal Review Board, patients 
admitted for elective surgery were observed post- 
operatively for significant shivering. Data were 
then collected over a five month period and the 
proportion of the patients experiencing PAS was 
tabulated by age. Recovery room personnel recording 
PAS occurrence as well as operating room personnel 
were blind to the purpose of the study. Linear 
correlation techniques were used to evaluate the 
data. 


Results. Anesthesia used in the 3,060 cases 
surveyed included narcotic, volatile and mixed 
narcotic/volatiie (balanced) techniques.  Surgeries 
included orthopedic, abdominal, gynecologic, 
peripheral, vascular, neural and ENT procedures. PAS 
was observed in 165 cases, in patients under 10 yr 
to greater than 80 yr of age. Whereas the peak 
incidence of PAS occurred in 20-30 yr group, the 
ratio of PAS incidence to total cases remained 
relatively constant from the second through the 
eighth decades (r » 0.91). Average (* S.D.) 
incidence of PAS was 5.3 + 2.0% of all surgical 
cases; [range 8.3 (second decade) to 1.8% (seventh 
decade)]. 


Discussion. The results indicate that the 
incidence of PAS in surgery patients remains 
relatively constant throughout the life span. With 
rapidly increasing developments in medical technology 
and surgical capabilities, more elderly patients are 
undergoing elective surgical procedures which 
would not have been considered previously. 


Considering the often compromised physical condition 
of the aged, the increased demand on 

cardiovascular and pulmonary systems caused by PAS 
in the elderly can be life-threatening. Therefore, 
particularly in the elderly patient, care must be 
taken both during and after surgical procedures 

to prevent or minimize the deleterious e=fects of 
PAS. 


PAS VS. AGE 


700 


* Total Patients 
o PAS Patients 


600 


Total Surgical Patients 
PAS Patients 





10 20 30 40 50 cO 70 80 90 
Age (yr) 
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Introductions The pulmonary arterial catheter 
(PAC) has became a cornerstone for hemodynamic 
monitoring in the ICU. As the PAC is more fre- 
quently used, a subset of patients arises in which, 
after an initial monitoring success, the catheter 
fails to wedge. The best way to reposition the 
catheter in this circumstance is the subject of 
debate (1). 

Kopman and Sandza developed a plastic sieeve that 
was put over the catheter at the time of introduc- 
tion (2). The sleeve was reported in 10 patients to 
preserve the sterility of the catheter that remained 
outside the patient but within the sheath. 

However, the authors failed to report whether any 
of the catheters were manipulated within the sheath 
prior to the cultures being obtained. Furthermore, 
swabbing the PAC, as they did, may not be the most 
effective way to assess the sterility of the 
catheter. Finally, the number of catheters studied 
may have been too small to adequately detect con- 
tamination. 

The purpose of this study then was to assess, by 
two different techniques, whether the currentiy 
marketed contamination sheaths do indeed safeguard 
the sterility of the portion of the PAC that lies 
outside the patient. 

Methods: After approval by the Institutional 
Review Board 42 patients were studied. Only 
patients undergoing major vascular surgery were 
included. Patients in whom the PAC was manipulated 
within the sheath after insertion and before ter- 
mination of invasive monitoring, were excluded. 

Following skin preparation with povidone-iodine 
and draping with sterile towels, the PAC, with the 
contamination sheath attached, was placed through an 
introducer in the internal jugular or subclavian 
vein. Procedures were perfarmed prior to surgery by 
physicians wearing caps, masks, sterile gloves and 
gowns. 

The duration of pulmonary arterial catheteriza- 
tion and the results of blocd or catheter tip 
cultures were recorded for each patient. At the 
time that hemodynamic monitoring was discontinued, 
the proximal contamination sheath was swabbed with 
isopropyl alcohol and 10 ml of nonbactericidal DSLR 
were injected into the sheath, agitated and 
withdrawn, 

The sheath was then cut in two to expose 5 om of 
the PAC immediately outside the introducer, Using 
sterile scissors this portion of catheter was 
severed and placed in a sterile test tube. In the 
laboratory it was rolled across a chocolate blood 
agar plate (CBAP) utilizing Maki’s semi-quantitative 
technique (3). The catheter was then dropped into a 
test tube containing enriched brain heart infusion 
broth (EBHIB). The fluid was inoculated on CBAP 
with a 0.01 ml loop for quantitative assessment. An 
additional 0.1 mi aliquot was inoculated in EBHIB. 


All media were incubated at 35°C in 5-10% COs for 
seven days. Cultures were examined daily. The 
catheter segment or fluid was culture positive if 
either the EBHIB or the CBAP had evidence of bac- 
terial or fungal growth. When the CBAP's were posi- 
tive, the number of colony forming units (CFU) were 
reported. 

Results: Of the 42 patients studied seven 
patients (17%) had catheter segments that were posi- 
tive for bacterial growth. Of these 7 only one was 
positive in EBHIB. Of the 6 positive by the semi- 
quantitative technique, 3 had less than and 3 
greater than 15 cfu/ml. 

An additional 5 of 42 patients (12%) had the 
fluid wash of the sheath positive for bacterial 
growth. All 5 were positive in EBHIB only. 

In no patients were both the sheath fluid and the 
catheter segment positive. None of the total of 12 
patients (29%) with positive cultures, had a posi- 
tive culture of the tip of the PAC (routinely per- 
formed at our institution). None had evidence of 
septicemia nor were any cultures (blood, wound, uri- 
ne) from patients positive for the same organism 
growing on the PAC segment or within the con- 
tamination sheath. There was no correlation between 
duration of catheterization and the likelihood of a 
positive culture. 

Discussion: Others have found a 14% incidence of 
positive sleeve cultures, culturing only the segment 
of catheter contained within the sleeve, which 
correlates with our 17% incidence of infection for 
the catheter itself (4). In addition we found 
another 12X of patients who had evidence of bac- 
terial growth within the contamination sheath. 

While we found no evidence of clinical sequelae, our 

results draw into question whether these catheters 

can be safely manipulated within the sheaths after 
placement. There was no evidence that sterility was 
maintained up to a certain point in time, as the 
frequency of positive cultures was the same before 

24 hours as afterwards. 
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Introduction. Arterial hypoxemia following 
preoperative sedation may increase the risk of 
myocardial ischemia in patients undergoing 
aortocoronary bypass procedures. Previous studies 
on preoperative oxygenation have shown conflicting 
results following a premedication using a narcotic 
with scopolamine (1,2). The effect of such 
premedication in combination with lorazepam as 
frequently used in our center have not been 
reported. We undertook a double blind clinical 
trial to assess the effect of morphine and 
scopolamine with or without lorazepam on 
preoperative arterial blood gases. 


Methods. The study protocol was approved by 
the Human Research Ethics Committee of our 
institution and informed written consent was 
obtained. Forty patients (range 40 to 67 years of 
age) scheduled for elective coronary artery bypass 
were randomly divided into two groups. Patients 
included had stable angina without heart failure or 
significant pulmonary disease. Three patients were 
excluded because of delayed or cancelled surgery. 
Two hours before surgery group I (n-19) received 
oral placebo and group II (n=18) received oral 
lorazepam 2 mg (40-59 kg), 3 mg (60-79 kg) or 4 mg 
(>80 kg). One hour before surgery both groups 
received intramuscular scopolamine 0.4 mg and 
morphine 7.5 mg (40-59 kg) or 10 mg (>60 kg). Two 
arterial blood gases were obtained with the patient 
in the supine position breathing room air. The 
first was taken prior to the day of surgery and the 
second taken one hour after morphine and 
scopolamine injection. The Pa0,, PaCO, and pH were 
recorded. Statistical analysis was done with the 
Student's t-test to compare blood gas results 
within each group and between the groups. A p«0.05 
was considered statistically significant. 


Results. The patients were matched in each 
group for age, sex, weight and height. Within the 
placebo group the Pal, fell 6.6 + 2.1 mm Hg after 
the premedication from a baseline value of 80.2 + 
1.9 mm Hg (p<0.005). In the same group the PaCO 
rose 2.7 + 0.8 mm Hg (p<0.005) and the pH was not 
significantly changed. In the lorazepam group the 
Pa0, fell 6.9 + 2.2 mm Hg after the premedication 
frofi an initial value of 77.1 + 1.4 mm Hg (p<0.01). 
The PaCO, rose 2.5 + 0.6 mm Hg (p«0.001) and the pH 
fell 0.012 + 0.005 (p<0.05). However between the 
two groups, there were no significant differences 
in average Pads, PaCO,, and pH as measured before 
the day of surgery and following the premedication. 


Discussion. Premedicatton with 
morphine-scopolamine in otherwise healthy cardiac 
surgical patients results in a reduction of Pa, 


and a rise in PaC0,. The addition of lorazepam to 
allay anxiety and faduce amnesia does not 
potentiate these changes in arterial blood gases. 
Even though the average changes are statistically 
significant, they are not clinically important. The 
decrease in Pa0, occurs on the flat part of the 
oxyhemoglobin dissociation curve thus producing 
little change in saturation. As previously noted 
the decrease in Pa0, following a narcotic 
premedication cannot be explained on the basis of a 
rise in PaCO, alone (3). This discrepancy has 
been related to an alteration in lung mechanics 


(4). 
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Table. Arterial blood gases (Mean + SEM) 
Group I Group II 
(n=19) (n=18) 
placebo lorazepam 


Pa0,* pre 80.2 + 1.9 77.1 + 1.4 NS 
post 73.6 + 2.1 70.2 + 2.6 NS 
p<0 .005** p<0.01** 
Paco, * pre 38.9 + 0.7 39.9 + 0.5 NS 
post 41.6 + 0.8 42.4 + 0.7 NS 
p<0.005** p<0.001%* 


pH pre 7.424 + .004 7.430 + .006 NS 
post 7.413 + .004 7.418 + .004 NS 
NS p<0 .05** 


pre = before premedication; post = after 
premedication; NS = not significantly different 
* mm Hg 

** significant difference between pre and post 
values 
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Introduction. Cardiopulmonary bypass exerts 
profound physiologic effects because of hemodilution, 
hypothermia and non-pulsatile perfusion, which have 
potential in altering the response and disposition 
of drugs that are routinely used in these patients 
(1). Pharmacokinetics of Thiopental (TP) in normal 
volunteers and those undergoing minor surgical 
procedures is well documented (283), but no kinetic 
information is availabie during CPB. However, 
there is widespread concern regarding its use in 
patients undergoing CPB because of the fear of 
myocardial depression and adverse hemodynamic effects. 
We have investigated the alterations in the pharma~ 
cokinetics of TP in twenty patients undergoing CPB 
to assess the usefulness of this drug in open heart 
surgery patients. 

Methods, Following an approved protocol from 
the clinical research committee on human research, 
we selected twenty adult patients, (mean age 53 
years, 12 male and 8 female) undergoing surgery for 
coronary artery bypass graft or cardiac valve 
replacement.  Anesthetic techniques consisted of 
high dose fentanyl or Morphine-Valium with Pavulon 
and 100% oxygen ventilation, after establishing 
appropriate monitoring. After cannulation, the 
patients were connected to CPB machine and total 
body hypothermia of 25-269C was acheived. The aorta 
was cross clamped and cardiac arrest induced with 
cardioplegic solution. At this stage, TP (6 mgs/ 
kg) was administered IV as a bolus, and blood 
samples were collected upto 90 minutes (Table 1). 

Plasma levels of TP were measured using a 
specific HPLC procedure that employs UV detection, 
(280 n m) and carbamazapine as internal standard. 
The kinetic analysis was performed by simulating 
the previously proposed TP model of Burch & Stanski 
(4) and fitting their model to our mean data using 
SAAM (simulation analysis and molding) program 
that employs iterative non-linear least squares 
regression for parameter estimation. Total body 
clearance (CLt) and metabolic clearance (CLm) were 
computed using standard equations and area analysis 
techniques. The fraction of TP metabolized was 
computed from the ratio of CLm to CLt. 

Results, Following the administration of TP 
to patients under CPB the mean plasma level at 1 
min was 21.9 (*sem 2.2) micrograms/m] and declined 
4 to 6 fold during the procedure. Table 1 shows 
the mean TP levels as a function of our sampling 
schedule in all 20 patients with the associated 
20-40% variability. Under the assumption that the 
disposition rate (lamda Z) assoctated with TP 
elimination has been previously established [lamda 
Z = 0.06/hr; t 1/2 = 11.5 hrs (3&4)] the present 
kinetic evaluation was performed. 

The initial distribution volume of the Central 
pool (Vc) and the hybrid distribution rate constants 
(lamda l and lamda 2) for TP had means of 16 liters, 
0.22 and O.01l/min, respectively. The CLt in these 
patients had a mean of 0.080 (4sem 0.005) liters/min 
while the CLm during CPB contributed 5 to 165 of 
the total loss (Table 1). Both CLt and CLm indicate 
diminished metabolism during CPB. 


Discussion, As is evident from Tabie I, mean 
plasma TP concentrations achieved during this 
study are comparable to previously published 
disposition profiles. Mean Vc estimated for TP in 
central compartment of 16 liters compares favorably 
with 13.2 liters reported by Morgan et al (3). 
Estimates of drug distribution rates (lamda 1 and 
lamda 2) are also in close agreement with previous 
reports (384). The total clearance (CLt) of TP in 
our patients (0.08 liters per minute) appears to 
be significantly (P«0.001) reduced and is about 
508 lower when compared to normal volunteers 
(0.164 liters per minute) (2) and those undergoing 
minor surgery (0.150 liter per minute) (3&4). 
Although proportional decrements are observed in 
CLm, drug distribution phases probably associated 
with the anesthetic effect appear to be unchanged. 
Therefore, the myocardium is exposed to low TP 
levels and shows no myocardial depressant or 
adverse hemodynamic effect. 
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PLASHA THIOPENTAL LEVELS AND KINETICS DURING CPB 


Time(min} 


BENE ————— — AENEAN salina AHHH ST, 


Parameter i 5 i0 15 30 $0 90 
MEAN (ug/mi) 21.9 13.1 10.7 8.9 $5.7 $5.1 3.7 
SEM 2.2 0.9 0.7 0.6 0.6 0.6 6.5 
x CV 45 31 28 30 40 40 27 
HI. (mg) 2-1 8.4 13.8 18.2 28.7 44.7 56.5 
fm 0.05 0.05 0.06 0.07 0.10 0.14 0.16 
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Introduction.  Rewarming following hypothermic 
cardiopulmonary bypass (CPB) and rapid 
re-establishment of cardiac function with 
normothermia is an important contributing factor in 
reducing morbidity and mortality following surgical 
repair of congenital cardiac malformations in 
infants. Currently a variety of techniques and 
pharmacologic agents are used to facilitate rapid 
restoration of normothermia during the rewarming 
process. Both sodium nitroprusside (SNP) and/or 
droperidol (D) have been used for this purpose. 
However, no controlled studies are available 
comparing these two techniques with regard to the 
duration of rewarming time and effects on the 
systemic vascular resistance. Consequently, we 
studied the effects of SNP alone and a combination 
of SNP AND droperidol on the duration of rewarming 
time and systemic vascular resistance following 
hypothermic CPB in infant undergoing open heart 
surgery. 


Methods. After approval of the Human 
Investigation Committee, fifteen infants (n = 15) 
with congenital cardiac anomalies undergoing open 
heart surgery with profound ( 20°C) or mild 
(209C-30°C) hypothermia during CPB were 
studied. These 15 patients were randomly assigned 
to SNP (Group 1, n = 8) or SNP/D (Group II, n = 
7). General anesthesia was induced and maintained 
with endotracheal intubation in the same manner for 
all patients in both groups. Anesthetics consisted 
of No0/0»/pancuronium and halothane or 
morphine. During CPB hypothermia was induced by 
the core cooling method. After surgical correction 
and the onset of rewarming, SNP (1-5 ug/kg/min) was 
Infused to the patients assigned to Group 1 and SNP 
(1-5 ug/kg/min) plus droperidol (100 ug/kg, bolus, 
i.v.) to Group II. Data regarding rewarming time, 
perfusion pressure and flow, as well as regional 
temperatures (esophageal, rectal and tympanic) were 
obtained every three minutes until the rectal 
temperature reached 35°C at which time CPB was 
terminated. The systemic vascular resistance index 
(SVRI, mmHg/1/min/m2) was calculated on the basis 
of mean arterial pressure and CPB pump flow. Data 
were collected and compared using paired t test (P« 
0.05 was considered significant). 


Results. The two groups were comparable for 
age, weight, and body surface area. The degree of 
esophageal, rectal and tympanic temperature changes 
during the core rewarming process was not 
significantly different (P> 0.05) between Group I 
and Group II, i.e., 17.3 vs 18.79€ (esophageal), 
12.9 vs 13.79C (rectal), and 15.3 vs 17.29C 
(tympanic). However the rewarming time was 
significantly prolonged in Group I as compared with 
Group II (52.5 + 5.69 vs 35.9 + 3.02 min, P «0.05, 
Fig. 1). Thus, the time required to increase per 
degree (9C) of rectal temperature in Group I and 
. Group II was 4.07 and 2.62 min/°C, respectively 
(P«0.05). The SYRI decreased significantly (P < 
0.02) after rewarming in both groups ( 12.9 + 1.01 
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statistically significant (P >0.05). No serious 
adverse effects occurred in association with 
administration of these two agents. ' 


Discussion. Administration of vasodilators 
such as SNP and/or droperidol during rewarming 
process following hypothermia is well established 
and widely accepted. SNP used alone in the range 
of 1-5 ug/kg/min has not been uniformly 
satisfactory in decreasing the duration of 
rewarming time, While a prolonged rewarming itself 
may not always result in serious postoperative 
complications, it may exacerbate the restoration of 
cardiovascular function after prolonged 
hypothermia. Higher doses of SNP, close to the 
toxic dose range, may be required if SNP is used as 
a sole agent. The data obtained in this study 
suggest that the routine use of droperidol in 
combination of SNP is beneficial for shortening the 
rewarming time. 
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Introduction. The role of cardioplegic solution 
(CP) in myocardial protection during 
cardiopulmonary bypass (CPB) has been well 
recognized. A major limitation related to the use 
of CP is prolongation of hyperkalemic effects on 
cardiac impulse formation, conduction and 
contraction. In contrast, the disturbing 
dysrhythmic effects of hypokalemia were speculated 
in adults. Whether the same can be applied to 
pediatric patients has not been investigated. This 
study was designed to measure the change of serum 
potassium concentration following administration of 
CP during CPB in pediatric open heart surgery. 


Methods. Twenty seven patients (n=27) who 

underwent open heart surgery for correction of 

congenital anomalies were reviewed retrospectively 
with approval of the Human Investigation Committee. 
After an appropriate premedication for all patients 
endotracheal general anesthesia was induced and 
maintained using nitrous oxide, oxygen, pancuronium 
and morphine or halothane. All patient's 
ventilation were controlled and their acid base 
balance were monitored continuously. A sample of 
arterial blood was obtained via an established 
indwelling arterial line to measure serum potassium 
and hematocrit levels prior to surgical incision 
and they were used as the baseline control, Five 
and 30 min following administration of cold CP and 
after the completion of CPB when the patient was 
hemodynamically stable blood samples were obtained. 
The total duration of CPB and aortic cross clamp 
time, amount of CP used, and lowest esophageal 
temperature during CPB were also recorded. The CP 
consisted of K+ 25 mEq/L, chloride 25 mEq/L, 
dextrose 5.6 g/L, and mannitol 12.5 g/L. The prime 
for CPB consisted of lactated Ringer's solution, 
mannitol, whole blood, fresh frozen plasma, calcium 
chloride, kefzol and heparin. Age, body weight, 
body surface area, the total duration of CPB and 
the aorta cross-clamp time, the cooling esophageal 
temperature, the amount of CP and prime used are 
listed in Table 1. 


Results. The control mean serum K* 
concentration of 3.9 mEq/L increased to 4.6 and 4.2 
at 5 and 30 min respectively following CP; however, 
only the increase at 5 min following CP was 
statistically significant (Student t test, p« 0.05, 
Table 2). Significantly lower level of hematocrit 
was maintained throughout CPB as compared with the 
control (p« 0.01, Table 2). Patients did not 
require supplementary K* administration for 
hypokalemia or treatment for hyperkalemia during 


surgery. Twenty six of the twenty seven (26/27) 
patients maintained K+ level in a physiologically 
acceptable range. However, one patient, in which 
serum K+ level (control of 3.5 mEq/L) increased to 
7.2 mEq/L at 5 min following CP, developed a 
supraventricular tachycardia but it was controlled 
by direct internal cardioversion. His serum K+ 
remained at a level of 5.5 mEq/L after CPB. 


Discussion. Cardioplegia plus induced 
hypothermia has been routinely used during CPB to 
prevent myocardium from high energy phosphate 
utilization. Since potassium-rich cardioplegia is 
used during CPB it is speculated that some of K+ 
may enter the circulation when systemic perfusion 
resumes with resulting hyperkalemia. In contrast, 
the uptake of potassium by cells during CPB and 
induced hypothermia may lead hypokalemia. In this 
study neither hyperkalemia nor hypokalemia was 
observed despite the presence of induced 
hemodilution. This study suggests that clinically 
insignificant amounts of potassium despite a large 
amount used in cardioplegia may enter the systemic 
circulation when perfusion resumes. Supplementary 
potassium may rarely be required in the immediate 
postoperative period in infants and children. 


Table } 
Age, weight, surface area, CPB and aortic 
cross-clamp time, lowest esophageal temp, 
and amount of CP and prime used. (n - 27) 





Mean * SEM Range 


Age (month) 28.9 + 7.0 2 days-10 yrs 
Weight, (kg) 12.1 + 1.83 2.8-48.0 

BSA (m?) 0.58 * 0.04 0.13-1.36 
CPB (min) 86.4 + 6.26 27-151 

Aortic Clamp (min) 44.9 + 3.19 15-80 

Temp (E,°C) 21.5 * 1.02 15-32 

CP used (ml) 210 + 29.3 50-650 

Prime used (ml) 1288 + 49.6 950-2095 


Table 2 
Serum K+ and hematocrit levels 
(n = 27, mean + SEM, **p« 0.05, *p« 0.01) 


K+ (mEq/L) Het (%) 
Control 3.9+0.09 — 37.6 +1.14 
5 min CP 4.6 + 0.15** 29.1 + 0.79* 
30 min CP 4.2 + 0.49 26.2 + 0.77% 
10 min off CPB 4.1 * 0.12 — 26.9 ¥ 0.54* 
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Introduction. The ratio of the physiological 
dead space to the tidal volume (VD/VT) remains rela- 
tively constant in normal man (1). For this reason, 
VD/VT has been used as one of the important criteria 
for weaning from the mechanical ventilator therapy. 
However, there have been some controversial studies 
(2,3), reporting that the VD/VT did change when the 
inspiratory time of the ventilator was altered. In 
the present study, we examined the effects of dif- 
ferent respiratory rates on the VD/VT in patients 
with respiratory failure who have been subjected to 
prolonged respiratory therapy. 

Methods. Seven consenting, lightly sedated pa- 
tients were studied with institutional approval. Al 
patients were intubated and placed on the mechanical 
ventilator (Siemens-Elema Servo 900C). In each 
patient, the dial settings of the ventilator were 
made as following: inspiratory time: 25%, inspira- 
tory pause time: 10%, and expiratory time: 65% for 
each respiratory cycle respectively. End-tidal C02 
fraction and total C02 production were measured with 
a Siemens-Elema 930 CO? analyzer. Expiratory volume 
was measured with a hot wire flowmeter (Minato Medi- 
cal Science RM-200) via a tracheal tube. The ratio 
of the VD/VT was calculated using Enghoff's modifica- 
tion of Bohr's equation: (PaC0o-PECO2)/PaCO2, where 
PaC02 denotes arterial PCO2, and PECO? is the mixed 
expired PCO2. After stabilizing over 20 minutes, 
measurements were made at 4 different respiratory 
rates of 10, 20, 30, and 40 breaths/min. In order to 
maintain constant PaCO02, each tidal volume was ad- 
justed accordingly. The data were analyzed using the 
paired t-test accepting p« 0.05 as significant. 

Results. As shown in the figure, when the res- 
piratory rate was increased, the VD/VT augmented 
significantly because the physiological dead space 
(VD) remained unchanged despite the significantly 
decreased VT. 

Discussion. In normal subjects, changes in VT 
are accompanied by a concomitant change in VD, so 
that VD/VT ratio remains unchanged when the respira- 
tory parameters are altered. However, if VT decreases 
extremely, VD/VT augments because of the fixed VD 
which already reached the low limit. If VT was large 
enough, the VD/VT ratio would have remained unchanged. 
In our i11, mechanically ventilated patients, the 
large VD which was already decreased to the minimal 








values was not affected by even the significant de- 
crease of VT values. Therefore, the VD/VT ratio 
elevated progressively and significantly with 
increased respiratory rate. The smallest VT used in 
our patients was 5.7 + 1.01 ml/kg at 40 breaths per 
minute. Thus, it is suggested that, in addition to 
the VD/VT ratio, other respiratory parameters should 
be also seriously considered, particularly when 
assessing the respiratory function for weaning from 
mechanical ventilatory support in patients with res- 
piratory failure. 
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Introduction.  Autorequlation of cerebral 
circulation normally maintains cerebral blood flow 
(CBF) constant despite changes in systemic blood 
pressure. In preterm neonates, loss of 
autoregulation allows CBF to vary with fluctuations 
in arterial blood pressure and may lead to 
intracranial hemorrhage (IVH), death or central 
nervous system damagel. Phenobarbital has been 
reported to be effective in prevention of IVH in 
premature infants?. However, others have failed to 
confirm such beneficial effects. Therefore, we 
assessed the effects of phenobarbital on CBF and its 
autoregulation after a period of asphyxia in newborn 
lambs. 

Methods, Eleven 1-3 day oid lambs were 
anesthetized with 70% N20, 30% 05 and paralyzed with 
d-tubocurarine. The skin of their groin and neck was 
anesthetized with 1$ lidocaine for insertion of 
catheters into the femoral artery, and vein as well 
as linqual artery. Xenon was injected through the 
linqual artery and xenon washout from the brain was 
measured with a gamma counter placed over the right 
parietal area. CBF was derived from the initial 
slope of the xenon washout curve. CBF autoregulation 
was assessed by determining CBF at normal, elevated 
and decreased mean arterial blood pressures (MAP) 
before asphyxia (BA) and after asphyxia (AA). MAP 
was increased by infusion of 0.02% phenylephrine 
solution and decreased by infusion of 0.1% sodium 
nitroprusside. After surgical preparation, the lambs 
were allowed to recover for 2 hours. After 
stabilization and demonstration of normal CBF 
autorequlation, the lambs were subjected to 30 
minutes of asphyxia (Pa05 25-30 mmHg, PaC02 60-70 
mmHg). At 20 minutes after the start of asphyxia, 6 
lambs received phenobarbital 20 mg/kg i.v. over 5 
Minutes. After asphyxia, all lambs were maintained 
at normoxia and normocapnia for the duration of 
studies. Data were compared by analysis of variance. 

Results. The CBF data are presented in the 
table. During asphyxia, CBF increased 
significantly. In the untreated lambs, at 30, 90 and 
150 minutes after the end of asphyxia, CBF increased 
with MAP elevation and at 30 minutes after asphyxia, 
CBF decreased with MAP reduction. These changes 
indicate impairment of autoregulation in the 
untreated lambs. The phenobarbital treated lambs 
maintained fairly constant CBF at all times after 
asphyxia despite increases and decreases in systemic 
blood pressure, indicating normal autorequlation. 

CBF at resting MAP decreased after asphyxia in both 
groups, but the decrease in CBF of untreated lambs 
occurred later, being significant only at 150 minutes 
after asphyxia. 

Discussion. These results confirm our previous 
studies which showed impairment of CBF autoregulation 


nnipeg, 


Manitoba, Canadá, R3E 1X2 


after asphyxial stress in newborn lambs. The 
response to decrease in MAP was not assessed 
previously. The present study indicates that CBF 
did not decrease with MAP reduction after 30 minutes 
post-asphyxia while CBF continued to increase with 
MAP elevations. The different responses may be 
caused by a shift in the CBF-MAP autorequlation 
curve to the left or may represent the activation of 
a secondary mechanism to maintain CBF above a 
critical level. Further studies on this aspect are 
required. The phenobarbital treated lambs 
maintained normal autorequlation after asphyxia but 
had a decreased level of cerebral perfusion. The 
hypoperfusion is probably caused by the depressant 
effects of phenobarbital on cerebral metabolism. 
The cause of the delayed cerebral hypoperfusion in 
the untreated lambs may represent a delayed response 
to asphyxia. Our results indicate that 
phenobarbital has a protective effect for CBF 
autorequlation in asphyxiated newborn lambs which 
may explain the reported reduction in IVH after 
phenobarbital treatments in human neonates. 
References. 
l. Lou HC, Lassen NA, Friis-Hannen B: Impaired 
autorequlation of cerebral blood flow in the 
distressed newborn infant, J Pediatr 94:118, 1979 
2. Donn SM, Roloff DW, Goldstein GW: Preservation 
of intraventricular haemorrhage in preterm infants 
by phenobarbitone: A controlled trial, Lancet 
II:215, 1981 


CBF (m1/100g/min, mean + S.E.M.) 


Untreated Phenobarbital 
Lambs treated lambs 

Before asphyxia 
Decreased MAP 59,4 + 4.6 73.8 + 6.5 
Normal MAP 63.8 + 5.4 74.3 + 6.7 
Elevated MAP  . 64.4 + 5.1 73.8 = 7.2 
During aphyxia 
Normal MAP 219 + 12.5** 210.6 + 8.i** 
30 min. after asphyxia 
Decreased MAP 54.0 + 4.64 45.0 + 2.1 
Normal MAP 64.0 + 7.1 48.8 + 3,1** 
Elevated MAP 71.2 + 9.148 50.2 + 3.2 
90 min. after asphyxia 
Decreased MAP 49.8 + 1.9 47.7 t 1.8 
Normal MAP 56.8 + 4,0 49,0 + 1.9** 
Elevated MAP 66.8 + 8.0 50,3 = 1,9 
150 min. after asphyxia 
Decreased MAP 49.8 X 4.2 48.0 t 2.1 
Normal MAP 51.4 t 3.2* 50,0 X .2.2** 
Elevated MAP 58.4 + 4.24 50.3 + 2.4 


* p«0.05;** p< 0.01 compared to CBF at normal 


MAP before asphyxia 
# p<0.05;## p< 0.01 compared to CBF at normal 
MAP at the same time period 
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INTRODUCTION. Resistance to the neuromuscular RESULTS. The response to a single Vc dose of 0.1 mg/kg 


blocking effects of the long acting relaxants in patients 
on chronic,phenytoin therapy has been described for 
metocurine' and pancuronium*^, This study was 
undertaken to determine whether or not a similar 
pharmacological interaction exists between phenytoin 
(DPH) and one of the intermediate acting neuromuscular 
blockers, vecuronium (Vc). 

METHODS. This study was approved by the Institutional 
Review Board. Informed consent was obtained from a 
total of 34 neurosurgical patients (age 19 to 59); 17 of 
whom were on DPH therapy for at least one week prior 
to surgery (GROUP 1), with the remaining 17 patients 
receiving no anticonvulsant therapy (GROUP Il). 
Patients with abnormal liver or renal function, as well 
as fhose with neuromuscular dysfunction were excluded 
from this study. None of the patients exhibited obvious 
obesity. All patients were monitored and premedicated 
along standard departmental guidelines. For the first 
part of this study, 5 patients from each group were 
induced with thiopental 4-6 mg/kg, followed by 
moderate hyperventilation with N40 50% and halothane 
1.0 to 1.5%, inspired, in oxygen. The ulnar nerve was 
stimulated at the wrist with 0.15 ms. supramaximal 
stimuli from a Grass S-8 stimulator at a rate of 0.1 
Hz. The response was measured through the use of an 
FT-10 force displacement transducer. When the baseline 
response stabilized, a bolus of Vc 0.1mg/kg was given. 
With the appreciation of suitable relaxation lidocaine 
1.0 - l.5mg/kg was given and the trachea was 
intubated, Patients were ventilated to an end tidal CO 

of 22 to 30mmHg with N4O 50% and halothane 0.5 to 
1.0%, inspired, in oxygen. The time from injection to 
maximum response (ONSET), times to recovery to 
10,25,50,75 and 90% of baseline (T10,T25, etc.) and the 
recovery index (RI) defined as the time required to 
progress from 25 to 7596 of baseline twitch (RI) were 
recorded. These parameters were compared between 
groups with Student's unpaired t-test. In the second 
part of this study, 12 patients in each group were given 
thiopental 3-5 mg/kg and ventilated by mask with N5O 
60% inspired in oxygen. Supplementary doses of 
thiopental Img/kg and/or fentany! 0.00!mg/kg were 
given as deemed neccessary. When the response to 
ulnar nerve stimulation was stable, patients received 
one of 3 preselected doses of Vc (0.03, 0.04 or 0.05 
mg/kg in GROUP 1; 0.02, 0.03 or 0.04 mg/kg in GROUP 
|). Recordings were made of the neuromuscular 
response until the maximum response was noted, at 
which time a second dose of Vc 0.Img/kg was given to 
facilitate intubation. The maximum response for the 
various doses used in this part of the study was analyzed 
as log dose versus probility response using the method 
described by Litchfield and Wilcoxon The derived 
straight line dose-response relationships were compared 
between the two groups for goodness of fit (lack of 
heterogeneity), parallelism, potency ratio and Ede. 
Throughout this study,differences were considered 
significant if P< 0.05. 


during halothane anesthesia is shown in Table l. There 
is no difference in onset of neuromuscular blockade 
between the two groups. However, the recovery phase 
is markedly shortened in GROUP J. For example ,T50 is 
22.7*5.| min in GROUP I, compared to 50.5*10.1 min in 
GROUP Il. Recovery appears to be at least twice as 
rapid in patients on chronic DPH therapy. This is 
confirmed by the large difference in RI seen between 
the two groups. The dose -response characteristics 
determined in the second part of this study are 
summarized in Table 2. The slopes of the derived 
straight line relationships are similar. For both lines, 
Chi | square analysis revealed no significant 
heterogeneity, The deviation from parallelism between 
the two lines was not statistically significant. The 
potency ratio between GROUPS | and ll. was found to be 
1.52 (P<0.05), with an EDsg of 0.04lmg/kg and 
0.027 mg/kg respectively. 

DISCUSSION, Resistence to the neuromuscular blocking 
effects of Vc in patients on chronic DPH therapy is 
demonstrated in this study. The results shown in the 
control group compare favorably with the results of 
other groups studying Vc dose-response during neurolept 
anesthesia with a single bolus method . The DPH group 
is significantly different. Both the magnitude and 
duration of neuromuscular blockade fall short of that 
expected in the patient on chronic DPH. Although an 
alteration in the pharmacokinetics of elimination might 
be implicated on the basis of the different recovery 
indices, the presence of different dose-response 
relationships imply pharmacodynamic changes which 
could be verified by the generation of concentration vs. 
response Curves. 

REFERENCES. |. Ornstein E, Matteo RS, Young WL, 
Diaz J; Anesthesiology 61:A314, 1984. 

2. Chen J, Kim YD, Dudois M et al; Anesthesiology 
59:A288, 1983. 

3. Litchfield JT Jr, Wilcoxon F; J Pharmacol Exp Ther 
96:99-113, 1949. 

4.Ording H, Skovgaard LT,Engbaek J, Viby-Mogensen J; 
Acta Anasthesiol Scand 29:121-124, [985. 

TABLE !. Response in minutes to vecuronium 0. mg/kg 


(mean = s.d.). n = 5 in each group. 
GROUP T GROUP TI P< 


ONSET 3.8 * 0.8 2.67 1,1 NS 

TIO 16.0 £3.7 35.0 = 5.2 0.00! 
T25 [9.3 14.3 41.9 * 7.8 0.001 
T50 22.1 25.1 50.5 = 10.1 0.001 
T75 27.2 * 6.0 59.6 t 12.3 0.001 
T90 31.9 * 6.0 69.7 = 12.9 0.001 
RI 749.2 2,2 17.8 * 5.1 0.005 





TABLE 2. Dose - response parameters with 9596 


confidence limits. n = 12 in each grou 
GROUP 1 CHOUD [I p< 


SLOPE 1.24 1.36 NS 
(0.95-1.61) (0.98-1.89) 
EDgg (mg/kg) 0.041 0.027 0.05 


(0.033-0.050)  (0.020-0.036) 
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Systemic mastocytosis Is 
characterized by pruritus, dermographia, syncope and 
cardiovascular collapse. Perloperatively, the 
disease state can be induced by extremes of 
temperature, emotional states and a number of 
pharmacological agents used in the course of a normal 
anesthetic, whether general or regional. The 
resulting cardiovascular collapse may be so profound 
and difficult to correct that death can result. in 
fact, several dramatic sudden deaths have occurred In 
our own clinic from this cause, but not during formal 
anesthes] a. We have successfully administered 
anesthesia to 42 patients with a few reversible 
compl Ications but no mortal ity. 


Forty-two patients with clinical 
manifestations of systemic mastocytosis were admitted 
to our Institution for a varlety of surgical 
procedures. Definitive pre-operative laboratory 
diagnosis was made by skin blopsy and urine tests for 
the metabolite of prostaglandin Do In most cases 
(1), intradermal skin tests were performed on all 
patients using (preservative free) normal saline as a 
control and each anesthetic agent that was planned 
for possible use during the anesthetic course (2). 
Skin tests were very useful in predicting the agent 
that may provoke exacerbatlon of mastocytosls. The 
size of the corresponding erythematous wheal 
Indicated the approximate quantitative response to 
the respective agent. 

Both reglonal and general anesthesla can produce 
ilfe-threatening complications In mastocytosls 
patlents undergoing surgical procedures. In an 
attempt to decrease the morbidity and mortal ity 
assoclated wlth thls clinical syndrome, the following 
pertoperative measures were adopted for the 
management of our patients: 

1) Preoperative control with H4 and Ho histamine 
antagonists and non-stercidal anti-infl ammatory 
agents (when possible). 

2) The use of Intradermal skin tests to predict the 
patients who may develop reactions to drugs that may 
be used electlvely or on an emergency basis if a 
compl ication devel ops. 

3) The preopeative and postoperative (when 
appl Icable) determinations of urinary levels of the 
metabol Ite of prostaglandin Do, serum prostaglandIn 
Fo alpha and skin blopsy. 

4) Preoperative sedation with oral dlazepam. 

5) Administration of pre-Iinduction dose of 25-50 mg 
diphenhydramine Imtravenousl y. 

6) Continuous perloperative avallabillIty of 
epinephrine Infusion (I mg In 25 mi of normal sal Ine) 
and epInephrine for bolus adminsi tration (1:100,000). 
The dose used to manage acute exacerbation of 
systemic mastocytos!s was |-5 mg/kg Intravenously. 

7) The use of Isoflurane for the Induction 
(Including the Intubation of the trachea) and 
malntenance of general anesthesla. 

8) The use of regional anesthesla when appropriate 
in order to minimize the number of pharmacological 
agents used for a given procedure, 


Results, Table | shows that general anesthesla 


was administered more frequently than reglonal 
anesthesia (5.6:1). This was mainly due to the fact 
That the potent I[nhalatlonal ether-I Inked anesthetics 
Inhibit the degranulation of the mast cell (2). This 
effect of the Inhalatlonal agents appeared to be 
protective and beneficial. An analysis of the 
patients developing complications (mainiy hypotensive 
and broncho-constriction episodes) shows that most of 
these complications were in patients having regional 
anesthesia. 


TABLE I: Clinical Data on Mastocytosis Patients 
umber of patients w astocytosis 4 


Age range 19-56 (yrs) 
Mean Age 31 (yrs) 
Female 40 
Male 2 
Patients recelving general anesthesla 33 
Patients recelving reglonal anesthesia 9 
Patients developing complications 6 
Perloperative mortal Ity 0 
Patients requlring ep!Inephrine Infusion 5 
Patients with positive skin tests 15 
Discussion. The anesthetic management of 


systemic mastocytos[s has always been assoclated wIth 
a high perloperative complication rate (3). We 
submit some recommendations for safe anesthetic 
administration of these patients. The use of Hy 
and Ho antagonists and non-steroidal antl- 
Inflammatory agents Is effective In the qulescent 
phase of mastocytosis but is totally ineffective In 
the acute stage. Intravenous Infusion of epinephrine 
may be llIfe-saving in acute exacerbation and should 
always be avallable during the perloperative 
management of these patlents. Skin tests are useful 
In planning the anesthetic and in predicting the 
sensitivity of these patlents to a varlety of 
anesthetic agents. In the absence of coagulopathy 
there Is a place for reglonal anesthesia with the 
ami de-i inked local anesthetics. Although mast cells 
themselves may release significant quantities of 
heparin (1), this was not a clinical problem In any 
of our cases. Finally, It should be stressed that 
acute exacerbation of systemic mastocytosis may be 
produced not only by some anesthetic agents but also 
by extremes of temperature, emotional stress and some 
food products. 


l Roberts LJ, Sweetman DJ, Lewls RA, Alston KF, 
Oates JA. Increased production of prostaglandin Do 
In patlents with systemic mastocytosis. N Engl J Med 
1980; 303:1400, 

2. Tsunoo M, Kimura F, Nakamura T, et al. Mast cell 
disruptive effect of local anesthetics and Its 
prevention with special reference to the effect of 
aliphatic anesthetics. Nippon ida Diag Z 1969; 
56:195, 

3. Rosenbaum KJ, Stroehal GE. Anesthetic 
considerations In mastocytosIs.  Anestheslology 1975; 
58:598. 
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Introduction. It would be clinically useful 
to have a method of obtaining an early 
pathophysiologic indication of pulmonary edema in 
critically ill patients, so that appropriate 
therapy may be instituted before severe arterial 
hypoxemia or other problems develop. The 
fiberoptic infrared oxygen saturation monitoring 
PA catheter has made it clinically possible to 
continuously evaluate mixed venous oxygen 
saturation. Additionally, a catheter to measure 
pulmonary , extravascular lung water is also 
available. This study was designed to compare 
the changes in arterial oxygen tension, 
extravascular lung water (EVLW), mixed venous 
oxygen saturation ($v0,), and cardiac index (CI) 
in the experimental animal after ethchloroynol- 
induced pulmonary vascular damage. 


Methods. Female swine weighing 40-50 kg 
(N » 15) were anesthetized with 1.5% halothane in 
705 N,/30% O}. A tracheostomy was performed and 
mechanical ventilation instituted to achieve a 
PaCO, of 35-38 torr. A 20 gauge arterial catheter 
was inserted into the carotid artery; an Oximetrix 
7.5 Fr fibroptic thermodilution catheter was 
passed via the right internal jugular vein into 
the pulmonary artery. An Edwards 96-020~5F 
femoral artery lung water catheter was inserted 
into the right femoral artery, and advanced into 
the abdominal aorta. After placement of 
monitoring catheters, two double indicator 
dilution estimates of EVLW were obtained using the 
method of Mihm, et al (2). Pulmonary edema was 
induced with a 20 mg/kg dose of ethchlorvynol 
given in two doses of 10 mg/kg with a 10 min 
interval between doses (3). Arterial and mixed 
venous blood gases were obtained every 10 min for 
the next two hours, and EVLW was measured by 
double indicator dilution each hour. 

Data were analyzed with appropriately 
weighted t-tests for unpaired data. Differences 
were considered significant at the P < 0.05 level. 


Results. The ethchlorvynol induced changes 
in Pa0,, SvO,, EVLW, and CI are displayed in Fig 1 
(data displayed as mean +  S.E.). Despite 
progressive increases in EVLW to 108% of control 
(P < .0005) at 60 min., and a further increase to 
152% at control (P < .0005) at 120 min., there was 
little change in Sv0, until 90 min., and even then 
Sv0, decreased only 7.25% (P < .05), further 
decreasing to a 9.815 change at 120 min. 


(P < .01). This was true despite marked decreases 
in arterial oxygen tension and C.I. 


Figure 1 
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Discusssion. Sv0. did not markedly decrease 
despite decreases in PaÜ, and C.I. Although this 
might have been due to decreased overall 0» 
demand, perhaps brought on by the ethchloroynol 
itself, nonetheless we could not demonstrate that 
SvÜ, changes were early warnings of pulmonary 
edema. 

We conclude: l.  EVLW and Pa0, are early 
indicators of experimental pulmonary damages; 
2. Sv0, did not reflect early pulmonary damage. 
Measurement of EVLW, combined with arterial biood 
gases provided warnings of pulmonary edema in this 
experimental model. 
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Introduction.  Epidural morphine has become weli 
recognized as an extremely effective means of provid- 
ing post-operative analgesia. However, the associ- 
ated problem of delayed respiratory depression has 
limited its use to intensive care areas.  Nalbuphine 
is an agonist-antagonist narcotic with a serum half 
life ot two to four hours. This study was designed 
to evaluate nalbuphine's ability to reverse the 
respiratory depressant effect of epidural morphine 
and to assess it's effect on analgesia. 


Methods. Following approval from the Institu- 
tional Ethics Committee, twenty pts., from whom 
written informed consents has been obtained, were 
studied. All were ASA-1 scheduled for elective TAH. 
The study was double blind, piacebo controlled. 
Pre-med diazepam 5 mg po 1% hr. pre-op, lumbar 
epidural catheter followed by test dose of 4 ml 2% 
Xyulocaine - CO2 with 1:200,000 epinephrine, epidural 
morphine 0.1 mg per kg. at induction, curare 3 mg - 
Pentothal 3-5 mg per kg - succinylcholine 1.5 mg 
per kg IV, endotracheal intubation and controlled 
ventilation, 70:30% N20:02 ~ isoflurane - curare, 
prostigmine and atropine 2.5;1.2 mg IV. One half 
hour post-op 0.05 mg per kg epidural morphine was 
given if required. Blood gases q2h. Five assess- 
ments of ventilatory response to CO2, as described 
by Read, were performed in each patient: A to E. 
Initial test, A, was X hr. pre-op. Test B was six 
hours after the patient had received 0.1 mg per kg 
of epidural morphine at induction. Tests C,D and E 
sequentially followed B being spaced 20 minutes 
apart. The trial agent was given IV, 0.1 mg per kg, 
immediately upon completion of each of the tests 
B,C and D. The patient graded her pain according 
to a visual pain scale q2h plus before and after 
injection of trial agent. 


Results. Fourteen patients received nalbuphine 
and 6 received saline. Ten patients had PaCO» 
greater than 45 torr at 6 hrs. after the 0.l mg per 
kg epidural morphine. Six belonged to the nalbuphine 
group and four were from the saline group. The mean 
PaCO2 values were derived for the two groups at the 
various times relative to agent administration. A 
t-test for two independant samples was performed at 
four time points: immediately prior to agent admin- 
istration, one hour after agent, four hours and six 
hours after agent administration. The nalbuphine 
group experienced an 8 torr correction in PaCo in 
the time interval from one to four hours after agent 
administration with a value for p«0.005. Before 
agent administration and after four hours the two 
groups were statistically not different. Three 
saline patients required naloxone for PaCO2 greater 
than 50 torr at various times after the saline 


administration. Assessment of ventilatory response 
to CO2 will be reported. in detail in a future publi- 
cation. Patients who received saline had no improve- 
ment. An improved response was noted after 0.1 mg 
per kg nalbuphine. Further nalbuphine administra- 
tion, up to 0.3 mg per mg., did not result in 
substantial gain. Not one patient reported a 
reversal of analgesía after 0.3 mg/kg nalbuphine. 


Discussion.  Nalbuphine antagonizes the respi- 
ratory depressant effects of epidural morphine but 
does not reverse analgesia. After 0.3 mg per kg, 
nalbuphine's protective effect appears to last at 
least four hours. Concurrent to an improved venti- 
latorg response to CO2 with nalbuphine, patients 
experienced a moderate increase in sedation. After 
0.3 mg per kg,patients had a markedly decreased 
attention span so that many could not perform the 
CO2 rebreathing test reliably. Therefore we 
conclude that although nalbuphine antagonizes 
respiratory depression, its sedative properties are 
additive to those of epidural morphine. 


MEAN P4 CO, BEFORE AND AFTER AGENT 


tos) 


(Mean 


PaCOo 


%-.x% Saline 


o—o Nalbuphine 


-2 0 2 4 6 8 id 12 





Hours Before and After Agent 


ANESTH ANALG 
5120 1986;65:51-5170 


ABSTRACTS 


Title: EFFECT OF POSTOPERATIVE EPIDURAL ANALGESIA ON RESTING METABOLIC RATE (RMR) IN MAN 


Authors: FM Perkins, M.D., JG Howe, M.D., and P Stern, M.D. 


Affiliation: Anesthesia Section Department of Surgery and Department of Orthopedics 
University of Vermont College of Medicine, Burlington, Vermont 


Introduction.  Epidural analgesia in the postopera- 
tive period has been shown to blunt or obliterate 
many of the facets of the metabolic response to 
surgery(1). In particular, following hysterectomy 
nitrogen balance was less negative(2), corticoster- 
oids rose less(3), and catecholamines rose less(4). 
In contrast following total hip replacement no dif- 
ference was found in resting oxygen consumption 
between patients epidural analgesia and patients 
receiving narcotic analgesia(5). We designed a study 
to address this apparent inconsistency and to answer 
the following questions: (a) Does continuous epidural 
analgesia effect postoperative metabolic rate as 
measured by resting oxygen consumption; and (b) Is 
the stress response to surgery as measured by urinary 
catecholamine excretion altered? 


Methods. Following approval of the appropriate 
institutional review boards, and. with the informed 
consent of the patients, the following study was 
undertaken. Patients - age 18 to 70, scheduled for 
elective total hip replacement, with no history of 
cardiac dysfunction, and who were not receiving 
hormonal supplementation - were admitted to the 
Clinical Research Center and randomized to one of 
two groups. One group (C) received subarachnoid 
anesthesia with tetracaine and postoperative narcotic 
analgesia (morphine sulfate 0.1 - O.2mg/kg, i.m., 
q 2-4h prn), while the other group (E) received 
epidural bupivicaine anesthesia (0.5$) and postoper- 
ative epidural bupivicaine analgesia (0.2 - 0.375%) 
as a continuous infusion to maintain a.sensory level 
at the tenth thoracic dermatome.  RMR was measured 
by indirect calorimetry the morning of surgery and 
on postoperative days (POD) 1,2,& 3. Indirect 
calorimetry was measured using a ventilated hood 
system. Gas flow through the hood was adjusted to 
maintain a mixed expired carbon dioxide concentration 
of 0.5 to 1.0%. Mixed expired gases were continuous- 
ly measured for flow (Vertek VR4500 pneumotachograph) 
oxygen content (Applied Electrochemistry S-3A fuel 
cell analyzer), and carbon dioxide content (Applied 
Electrochemistry infra-red analyzer CD-3A). Outputs 
were read every 6 seconds by a Hewlett-Packard 85 
computer and mean values for V, , V.. , and R.Q. 

9, co, 
(STPD) were calculated for each 5 minute collection 
period. Three periods were averaged for each measure 
of RMR. All urine was collected for the 72 hours 
following surgery and each 24h sample was analyzed 
for vanillylmandelic acid (VMA), metanephrines (MET), 
and total catecholamines (CAT) using high performance 
liquid chromatography with an electrochemical detect- 
or. Data were analyzed by analysis of variance. 


Results. There were five patients in each group. The 
ages were similar for the two groups, 48 and 54 years 
for C and E respectively. Outcome parameters are 
charted on the following table: group differences 
for the postoperative period were significantly 
different for all four parameters measured, individu- 
al differences are noted on the legend. 


PRE-OP POD 1 POD 2 POD 3 
Vy E  132H0 143+6* 14647* 144+6* 
2 C 13143 17148 16249 `- 16744 
€. 8.041.1 9.441.9  10.0+1.8 

C 10.8-1.2 13.212.2  11.442.9 
ie 2 0.740.1* 0.940.1* 0.90.3 

C 1.24+0.1 1.340.2 1.040.1 
car = 99+13 99421 * = 106*16 

c 176441 232449 194455 





Data are presented as mean values + S.E.M., 
VMA and MET are mg excreted per 24h, CAT is 
ug excreted per 24h. 

*P 0.05. 


Discussion. We conclude that postoperative epidural 
analgesia blunts the stress response to surgery as 
measured by resting oxygen consumption or catechol- 
amine excretion. The postoperative oxygen consump- 
tion in our group receiving narcotic analgesia is 
virtually identicle to that of (5) for his narcotic 
group, thus the opposite findings of the two studies 
need to be explained. The differences between the 
two epidural groups are that he used lidocaine and 
we used bupivicaine and he allowed the epidurals to 
wear off intermittently to allow his patients to 
micturate while our analgesia was continuous and the 
patients bladders catheterized.  Catecholamine infu- 
sions have been shown to increase RMR(5), and it is 
possible that the partial sympathectomy accompanying 
the epidural mediates the difference bstween the 
groups. Another possibolity is that the superior 
analgesia of the epidural is responsible for the 
difference. Regardless, following total hip re- 
placement continuous epidural analgesia is associ- 
ated with less of a rise of RMR thansystemic narco- 
tic analgesia. If oxygen consumption correlates 
with cardiac output and cardiac work, then there may 
be a population of individualswith limited cardiac 
reserve who may benefit from epidural analgesia 
following surgery. 
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Introduction: Cerebral blood flow (CBF) 
increases during isovolemic hemodilution with either 
crystalloid or colloid solution; in contrast, CBF 
does not increase during hemodilutional resuscitation 
from shock (1,2}. In both situations, isotonic 
crystalloid solutions producé a higher intracranial 
pressure (ICP) than either colloid-containing or 
hypertonic erystalloid solutions (1,2). 
Consequently, we compared the effects on ICP, CBF, 
and cerebral oxygen transport (COT) of resuscitation 
from hemorrhagic shock using 6% hetastarch (HS) or 
lactated Ringer's solution (RLS) in animals with 
an epidural mass lesion. 


Methods: Thirteen 15- to 20-kg mongrel dogs 
were randomly selected to be resuscitated with HS 
or RLS. Dogs were anesthetized with pentobarbital, 
30 mg/kg iv, paralyzed with iv succinylcholine, 
endotracheally intubated, end ventilated with tidal 
volumes of 15 ml/kg varied in frequency to regulate 
Paco, . A femoral artery catheter and pulmonary 
artery catheter were placed. The temporalis muscles 
were dissected from the skull, a subarachnoid bolt 
was placed to monitor ICP, an epidural balloon was 
placed through a burr hole, and a cadmium telluride 
scintillation probe was positioned over each parietal 
hemicranium for measurement of CBF by xenon-133 
clearance. The epidural balloon was incrementally 
inflated with saline to maintain a stable ICP of 30 
mmHg for 5 minutes. Blood was then withdrawn from 
the femoral artery catheter to produce and maintain a 
mean arterial pressure (MAP) of 55 mmHg for 30 
minutes. Resuscitation was then performed with HS, 20 
ml/kg, or RLS, 60 ml/kg iv, over 5 minutes. The 
following data were compared at baseline (BL), early 
shock {ES), late shock (LS), early resuscitation 
(ER), and late resuscitation (LR): ICP, CBF, CO,T, 
MAP, cardiac output (CO), hemoglobin (Hgb), and 
pulmonary artery occlusion pressure (PAOP). Data 
were analyzed using multivariate analysis of 
variance with p < 0.05 being significant. 


Results: Systemic Hemodynamics. MAP was 
similarly restored by both fluids. CO was 
significantly higher (p < 0.05) at ER in the RLS 
group, but declined rapidly, so that at LR there 
were no differences between the two groups. 


Cerebral Hemodynamics. In the RLS group, 
ICP was significantly higher at ER (p = 0.003), 
and tended to be higher at LR (p = 0.058) (Fig.). 
CBF did not increase above LS levels in either 


group at ER and LR (p < 0.05). In both groups, 
CO,T decreased during shock and then, due to 
hemodilution, decreased further at ER (p < 
0.05 compared to LS values) and remained below LS 
values at LR (p < 0.05) (Fig.). 


Discussion. In animals with intracranial mass 
lesions and hemorrhagic shock, resuscitation 
with HS produces a substantially lower ICP than 
does resuscitation with RLS. Restoration of MAP and 
CPP does not improve cerebral perfusion after 
hemorrhage in dogs with intracranial mass lesions. 
Colloid-containing solutions may be superior to 
RLS for resuscitation when hemorrhagic shock and 
intracranial mass lesions coexist. 
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Introduction.  Post-ischemic brain hypoperfusion Discussion: Although large amounts of 
May increase neurological injury after relief of immunoreactive TxB,, the major metabolite of TxA,, 
global brain ischemia; antagonism of post-ischemia are present in jugular venous blood following 
hypoperfusion has been associated with less severe global brain ischemia, inhibiting systemic and 
neurological injury (1). Thromboxane A, (TxA,) is a cerebral TxA, production prior to global cerebral 
powerful vasoconstrictor and platelet aggregatory ischemia is not associated with improved 
substance synthesized from the arachidonate released post-ischemic CBF. We conclude that TxA, is not a 
from injured cell membranes (2). This study was major factor in the genesis of post-ischémic brain 
performed to determine if systemic administration of hypoperfusion, and that thromboxane synthetase 
a thromboxane synthetase inhibitor (TSI) before inhibition is unlikely to improve neurological 
global brain ischemia would be associated with outcome after global brain ischemia. 
increased post-ischemic cerebral blood flow (CBF). This study was supported by the 1984 IARS 


research award. 
Materials and Methods: Twelve mongrel dogs 


weighing 15~25 kg were anesthetized with thiopental, References: 

8-10 mg/kg iv, followed by succinylcholine, 1.5 l. Steen PA, Newberg LA, Milde JM, Michenfelder 
mg/kg. Animals were endotracheally intubated and JD: Nimodipine improves cerebral blood flow and 
ventilated at an FIO, of 0.4 and a tidal volume of neurologic recovery after complete cerebral 

15 ml/kg at a rate adjusted to produce a PaCO, of ischemia in the dog. J Cereb Blood Flow Metab 
35-45 mmHg. Halothane 1.0% in O. provide 1983; 3:38. 

anesthesia for the placement of a femoral artery, a 2. Pitt B, Shea MJ, Romson JL, Lucchesi BR: 

right pulmonary artery, and a retrograde internal Prostaglandins and prostaglandin inhibitors in 
jugular vein catheter followed by thoracotomy. The ischemic heart disease. Ann Int Med 1983; 
azygous vein was ligated, and the venae cavae and 99:83, 


aorta were isolated and snares tied loosely around 


them. The temporalis muscles were dissected from N 

the skull, and external cadmium telluride gamma pm d 7, I 
detectors were positioned for determination of CBF H- c 4.0 Yy E 

by clearance of Xenon-133. Halothane was then o D YY , ^ * 
discontinued and a 60:40 mixture of N.O and O, was 2 3.0 LA 

given for at least 30 minutes. Group + animals (n = a oO c 7, 54 

6) were controls; group II animals (n = 6) received Q Pa * 

a TSI (UK-38,485, 1.5 mg/kg iv). Baseline (BL) >z 20r 

measurements included:  CBF, mean arterial pressure E f DI 

(MAP), cardiac output (CO), pulmonary artery 5 4.0 o A 

occlusion pressure, pH, PaCO, and PaO,. Arterial C» XO À 

and jugular venous blood samples were obtained for = 0 ZA ty dÀ—— — ——À] 


the determination of thromboxane B (TxB,) , a stable 
metabolite of TxA.. The aorta and venae cavae were 
occluded for 10 minutes. Blood for determination of 








Control e———€ 


TXB, levels was obtained immediately after unclamping 80 TSI A----—5 

(time 0) and at 10, 30, and 60 minutes after release Means + SE 

of occlusion.  TxB, levels were determined by " 

radioimmunoassay. femodynamic variables and CBF were p<0.05 Beiween 
measured at times 0, 30, 60, 90, and 120 minutes. Groups 


Results: The figure displays changes in jugular 
venous TxB. levels and CBF in treated and untreated 
animals. treated animals showed nearly complete 
inhibition of TxB, production. CBF in both groups 
was similar to baseline values at time O, then 
declined similarly in both groups by 30 minutes to = B 
40% of BL values where it remained thereafter. There , 
were no significant differences in arterial blood Time ( Min. ) 
gases, MAP, CO, filling pressures, or heart rate 
between the groups at any interval. 
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Introduction: A wide variety of central nervous 
system-active drugs are used for sedation and 
anxiolysis prior to surgery. A number of studies 
have examined patients' subjective perceptions, and 
independent observers' evaluations of pre-operative 
anxiety, as influenced by various premedication 
regimens. :2 Some of these studies attempted to 
standardize their methods of evaluation but most 
failed to reach complete objectivity. There is evi- 
dence that stress, emotional or physical, results in 
an increase in endogenous opioid activity, with 
increases in plasma beta-endorphin (B-END) levels. 
The objective of our study is to elicit data 
regarding the effects of premedication on a 
measureable physiologic parameter, namely, plasma 
concentrations of of B-END. 


Methods: The research protocol was approved by the 
New York University Institutional Board of Research 
Associates for application to human subjects. 
Subjects were ASA PS I or II, taking no drugs (other 
than antibiotics) for 2 weeks prior to surgery. 
Patients were told that, as participants in the 
study, they would receive either no premedication, 
an oral (PO) or intramuscular (IM) placebo, or a PO 
or IM drug. Ten m] of venous blood was obtained at 
4 PM on the day prior to surgery, and again on arri- 
val in the operating room (8 AM) on the day of 
surgery. Approximately one hour prior to surgery, 
patients received (by random assignment) either no 
premedication, an IM placebo (saline), diazepam 10 
mg PO, meperidine 1 mg/kg IM, or diphenhydramine 1 
mg/kg IM. Blood specimens were also obtained from 
ten healthy volunteers, to serve as a control group. 
Plasma B-END was measured by radio-immuno assay. 
Analysis of variance (ANOVA) was applied to B-END (4 
PM) and B-END (8 AM) groups. "hen ANOVA indicated a 
significant difference among groups, an unpaired t- 
test was used to compare individual premedication 
groups. A paired t-test was used to compare 4 PM 
and 8 AM values within each premedication group. 


Results: Results are summarized in Fig. 1. There 
were no statistically significant differences in 
mean 4 PM B-END levels among all groups by ANOVA 
(p>.1) with an overall mean value of 4.09 pmol/l + 
.26 (mean + standard error). The control 
(non-surgical) group had an 8 AM mean of 4.29 + .47, 
not significantly different from 4 PM values. 
Untreated surgical patients had significantly higher 
8 AM levels (6.01 + 1.61, p4.05). The placebo group 
showed no difference from untreated patients (5.98 T 
.95, p>.90). Diazepam, diphenhydramine, and meperi- 
dine treated groups had significantly lower 8 AM 
mean B-END values than did unpremedicated patients 
(p values all 4.05). The three premedication groups 
were not statistically different from each other. 
Paired t-tests demonstrated intra-group differences 
(4 PM vs 8 AM) to be significant only in the non- 
premedicated and placebo groups. 


Discussion: There is a great amount of evidence in 
the literature indicating that stress results in 

increases in endogenous opioid activity, including 
plasma levels of B-END. Although most such experi- 


ments involve physical stress, a number of studies 
now show a similar physiologic response for emo- 
tional or psychological stress. In the belief that 
stress may be detrimental, at least in certain 
patients, the concept qf stress-free anesthetic 
management has evolved*, and has been recommended by 
some as a goal for optimal patient care. Our data 
suggests that the physiologic effects of stress 
begin in the pre-operative period, and that phar- 
macologic intervention at this time may be of aid in 
minimizing undesireable responses in the surgical 
patient. 
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A = controls; B = no premedication; C = placebo; 

D = diazepem; E = diphenhydramine; F = meperidine. 
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INT RODUCTION-The term HELLP Syndrome was first 
coined by Louis Weinstein in 1981 (1). This 
describes the presence of hemolysis (H), elevated 
liver enzymes (EL) and low platelet count (LP) in 
patients with severe preeclampsia. This is now 
being recognized as a severe complication of the 
disease process and the cesarean section rate 
(CSection) in this group is high ranging from 
61.5~-7624(2). The purpose of this report is to 
compare the maternal and neonatal outcome between 
patients receiving general and epidural anesthesia 
for C- Section in HELLP Syndrome. 


METHODS AND MATERIALS-The charts of forty six 
patients with HELLP Syndrome who underwent 
C-Section in the last three years were reviewed. 
All patients had admission blood pressures of 
>160/110 torr, 2+ or 3+ proteinuria, generalised 
edema and epigastric pain. All received magnesium 
sulfate infusion and hydralazine as required. 
Laboratory data included hematocrit, coagulation 
profile, and serum electrolytes. Thirty patients 
received general anesthesia (GÀ) and sixteen 
patients received lumbar epidural anesthesia (LEA). 
All patients in the GA group were induced in the 
routine manner with pentothal and succinyl choline 
aud anesthesia was maintained with elther enflurane 
or isoflurane 0.5-1Z. In the LEA group, the 
epidural catheter was inserted 1n the usual manner 
at the L4 , interspace and a T, | level of 
anesthesia was achieved using 18$20 ccs of either 
3% nesecaine or 24 lidocaine. The statistical 
analysis was performed using Students t-test and 
chi-square analysis and a p value less than 0.05 
was considered significant. 


RESULTS-The two groups were similar in age, 
height, weight, parity and gestational age. There 
were no significant differences in the blood loss 
or fluids administered during the procedure between 
the two groups. The preoperative and postoperative 
PT, PIT and fibrinogen levels were normal in all 
patients except one patient in the GA group. The 
bleeding times were not determined in any patient 
preoperatively. The platelet counts decreased 
significantly in both groups in the immediate 
postpartum period (see Table 1). The number of 
babies with apgar scores <7 at 1 minute (21/30) was 
significantly higher in the GA group than in the 
LEA group (5/16) (p<0.01) which was probably 
related to the lower birthweight in the GA Group 
(1609. 67+783.59 Gm) when compared to LEA group 
(2198.75+1070.03 Gm) (P<0.03). Post operative 
complications in the GA group included one maternal 


death due to DIC and ARDS. In the LEA group, one 
patient developed bleeding from gums, incision 
sites, iv sites, epidural insertion site and 
hematuria. The platelet gount in this patient 
decreased from 125,000/mm to 64,000/mm. The 
epidural catheter was left in situ until the 
platelet count was corrected. There was no 
evidence of epidural hematoma. 

DIS CUSS ION-In HELLP syndrome severe 
thrombocytopenia may be present in the absence of 
other coagulation defects. Progressive worsening 
of the condition may occur during the course of 
management (2). It is well known that in severe 
preeclampsia the hypertensive response to 
endotracheal intubation during C-section can 
cause cardiac arrhythmias and cerebral 
hemmorage.(3) The presence of thrombocytopenia 
further increases the risk. In the absence of 
other major coagulation defects, when th 
platelet count was well above 100,000/mm lumbar 
epidural anesthesia was chosen for these 
patients. However, there 1s a tendency for 
significant reduction in the platelet count in 
the intra operative and postpartum period in 
these patients in the absence of other 
coagulation abnormalities. Determination of 
bleeding times would have been helpful. The 
findings of thís retrospective study suggests 
that in patients with HELLP Syndrome if lumbar 
epidural anesthesia is administered serial 
determinations of the bleeding time and platelet 
count are necessary as significant 
thrombocytopenia may develop during the course of 
the anesthetic management and this may occur in 
the absence of other major coagulation defects. 


Table 1 Comparison of Platelet Counts 
(N/mm ) between pre-operative and post-partum 
periods. 


Pre-operative ~ Post-partum (Lowest) p 
1) LEA 131.3+44.4,000 - 71.4*24.1,000 40.006 
(nz16) 
2) GA  89.7440.2,000 - 53.8+23.1,000 4 40.0008 
(n:30) 





Values are given as mean + SD 
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Introduction: Ephedrine is used for treating 
maternal hypotension due to lumbar epidural anesthesia 
(LEA). Ephedrine is believed to correct blood 
pressure mainly by cardiac stimulation. However, 
there are no human data to verify this. This study 
assesses this effect of Ephedrine therapy on ventricu- 
lar stroke volume (SV), ejection fraction (EF) and 
preload in patients scheduled to undergo elective 
cesarean section under LEA, 

Methods: The study was approved by the review 
committee. Informed consent was obtained. 40 healthy 
patients (age 3145, weight 7346 kg) carrying an 
uncomplicated term gestation were studied. Systolic 
time intervals: preejection period (PEP) and ventricu- 
lar ejection time (VET) were measured non-invasively 
using an impedance cardiograph (Instrumentation for 
Medicine). The first derivative impedance cardiogram 
(dz/dt trace) was obtained using the 4 sets of adhe- 
sive electrodes in the recommended anatomic sites. 

EKG was recorded continuously. All recordings were 
made on a Gould recorder at 50 mm/sec. PEP was 
measured from the onset of Q-wave of the EKG to the 
onset of ventricuular ejection on the dz/dt 

tracel»2 (Fig 1). VET was measured from the onset of 
ventricular ejection to the lowest point of the dz/dt 
tracing., SV was calculated by using Kubicek's 
formula.i EF was calculated using Garrad's formula:? 
EF = 1.125 -1.250 x PEP/LVET. Ventricular EDV 
(preload) was calculated from the equation: EDV=SV/EF. 
Following an intravenous infusion of 1200 ml of 
Ringers lactate, LEA was induced to Tg level by 
injecting lidocaine 1.5% under Ephedrine 1:200,000 at 
5 ml increments. Left uterine displacement was main- 
tained. Systemic pressure was measured every minute 
and ephedrine was administered in 5 mg increments to 
correct any systolic pressure less than 100 torr. 
Results were expressed as mean 1+1 SE and analyzed 
using t test at p«0.05. 

Results: Twenty eight patients required no vaso- 
pressor (control) and 12 required 240.3 injections of 
ephedrine. In control subjects HR increased signifi- 
cantly after induction of LEA but mean blood pressure 
(BP) did not change from baseline at Tyg or Tg level. 
VET, EF and PEP decreased significantly at Tg level 
compared to preinduction values (Table). SV, cardiac 
output (CO) and EDV did not change significantly. In 
those who required ephedrine HR increased when BP 
decreased but PEP, VET, EF, SV, CO and EDV decreased 
(Table and Fig 2). Ephedrine decreased the HR but 
increased EF, PEP, VET, SV, CO and EDV significantly 
from those obtained during hypotensive period. Post- 
ephedrine EF, PEP and EDV were not different from 
preinduction values, CO was greater than preinduction 
value but VET was less. 

Discussion: Data show that in those who did not 
become hypotensive SV, EDV and CO were maintained. 
Hypotension due to regional anesthesia is associated 
with decreased SV, EDV and EF. Decreased EDV may be 
due to lack of cardiac preload resulting from venous 
pooling. Decreased EDV also shortens VET. Ephedrine 
restores preload probably by constricting the capaci- 
tance bed. After ephedrine therapy EDV increased 34% 
but and only 12%. Increased arteriolar vaso constric- 
tion without a change in preload usually decreases the 
SV. Because SV increased with ephedrine, its mechanism 





of action seems mainly due to its ability to increase 
preload and not due to increased afterload. The 
decrease in HR after Ephedrine may be due to the baro- 
ceptor reflex. 
. . CONTROL (n=28, X + (1SE)) 
HR BP VET PEP EF SV EDV CO 


(/min)(torr)(sec) (sec) (m1) (ml)(1/min) 
Base 80 90 00.32 0.08 0.65 69 108 5.5 
line (2) (3) ----- 0.01 ----- (5) (9) (0.3) 
T10 87 88 0.31 0.08 0,63 67 107 5.9 

(6) (3) ----- 0.01 ----- (4) (9) (0.5) 
T6 98 89 0.28 0.07 0.65 62 101 5.9 

(5) (3) ----- 0.01 ----- (5) (9) (0.5) 

EPHEDRINE (n= 12) 

Base 79 90 0.32 0.07 5.1 
line (3) (3) -- 0,01 --- (0.3) 
Hypo 107 67 0.19 0.06 See Figure 4.3 
tension (5) (2) -- 0,01 --- (0.4) 
Post 87 87 0.28 0,07 5.8 
ephedrine (10) (3) -- 0.01 --- 0.39 


Fig. | 
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Legend for Fig 1: C-calibration 1 ohm.sec; 1, 


baseline; 2,hypotension; and 3 after ephedrine. A, 


onset of Q wave; B, onset of ventricular ejection; C 
end of ejection. 





Legend for figure A = preinduction;8=preephedrine; C = 
postephedrine.* - significantly different from A and C. 
Reference: 1. Mohapatra SN: Non-invasive Cardiovasc- 
ular Monitoring by Electrica] Impedance Technique. 
London: Pitman Medical, 1981:426. 2. Gerrard CL, et 
al: Circulation 1970; 42:455-462, 
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Introduction. Transfusion associated with 
Acquired Immune Deficiency Syndrome (AIDS) is 
increasing steadily, Chances for the 
possibility of health care workers contracting 
AIDS, either by direct contact or from blood and 
blood products, intensifies as the magnitude of 
the AIDS epidemic increases. By April, 1985 
there were 9,319 reported cases of AIDS in the 
United States, 3,282 cases having been reported 
from New York City. Of the latter there were 23 
eases associated with blood and blood products. 
Transfusion associated AIDS (TRAIDS) occurred in 
hemophiliacs and in patients receiving large 
numbers ("10 units) of blood transfusions. 

In an effort to determine the degree of 
exposure of Memorial Hospital operative and 
recovery personnel to the AIDS patient, a review 
of surgical procedures was undertaken. 

Method. All patients treated at Memorial 
Hospital from 1981 to 1984 with the diagnosis of 
AIDS were reviewed. Group I consisted of 
adult patients with a definitive diagnosis of 
AIDS. Group II encompassed children with AIDS. 
Also reviewed were homosexual men with Kaposi's 
Sarcoma which formulated Group III and 
homosexual men with lymphadenopathy as Group IV. 

Each group was studied (1) for its total 
number of patients; (2) for the number within 
each group that required operative procedures; 
and, (3) for the total number of operative 
interventions. Groups were also compared 
against each other. 

» Results, Our total review consisted of 495 
patients treated at Memorial Sloan-Kettering 
Cancer Center between 1981 and 1984. Eighty-six 
of these patients required surgical treatment in 
the operating room. Due to the nature of the 
disease, many of these patients require multiple 
surgical procedures. These same 86 patients 
have undergone 111 surgical procedures during 
this time period. Operations ranged from 
diagnostic lymph node biopsy to extensive 
surgical procedures. 





Table I 





GR I GR II GR III GR IV 


Number of Patients 71 5 236 184 
Patients requiring 

surgical procedures 12 H 42 28 
Lost to follow-up 2 0 4 2 


Number of surgical 
procedures 15 1 53 36 





Table II - 
GR I GR II GR III GR IV 
Operations 
1981 1 0 3 1 
1982 2 0 13 10 
1983 9 2 19 12 
1984 3 5 18 13 


Statistical analysis of the data will be 
presented. 

Discussion, Because hepatitis B virus 
serologic markers are elevated in anesthesia 
personnel (18.8% in a recent study)! and 
because TRAIDS is transmitted in a manner 
similar to hepatitis B the possibility arises 
that anesthesia personnel could be at risk to 
contract TRAIDS. An added complication is the 
fear that hepatitis B vaccine might be 
contaminated by HTLV III because it is 
manufactured from pooled plasma. 

An ongoing study by the Centers for 
Disease Control has found no cases of HTLV-III 
infections in exposed health care workers 
(HCW). Studies on "needle sticks" in 52 HCW 
showed no seropositive HTLV-III. In another 
study none of 188 HCW working with AIDS 
patients or their specimens was positive for 
HTLV-III. Finally there is one reported case 
in which hepatitis B was transmitted to a HCW 
without transmission of AIDS after a needle 
stick while treating a patient with both 
hepatitis B and AIDS. However, it must be 
remembered that a definitive incubation period 
of AIDS has not been determined. In addition 
the Centers for Disease Control has found no 
evidence for transmission of AIDS by hepatitis 
B vaccine. Many of the HCW with exposure to 
AIDS are continuing to be monitored in an 
effort to detect seroconversion to HTLV-III. 

The present philosophy in regard to 
infection is that the isolation procedure 
currently recommended for AIDS are adequate 
and that the rate of transmission within 
hospitals is low. At Memorial Sloan-Kettering 
Cancer Center the isolation procedures are 
those for patients on hepatitis, enteric and 
pulmonary precautions. 

References. 

1. Berry AJ, Isaacson IJ, Kane M, et al: A 
Multi-center Study of the Prevalence of 
Hepatitis B Viral Serologic Markers in 
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Health-Care Workers Exposed via the Parenteral 
or Mucous- Membrane Route to Blood or Body 
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Introduction. The anesthesiologists must 
be aware of the medical problems of all surgical 
patients. This is particularly important for 
the AIDS patient as the immunosuppression of 
AIDS adversely affects many organ systems, 
The social implications of AIDS oan alter 
routine management and AIDS patients are often 
not presented as such. 

In an effort to determine more about the 
AIDS patient and his operative experience and to 
alert anesthesia personnel to those procedures 
involving AIDS patients, AIDS patients treated 
at Memorial Hospital throughout a four-year 
period were studied. Also considered were 
homosexual men with Kaposi's Sarcoma and 
homosexual men with lymphadenopathy. 

Method. These criteria applied to 496 
patients treated at Memorial Hospital from 1981- 
1984. Those patients who required a surgical 
procedure were reviewed. Group I consisted of 
adults with a diagnosis of AIDS while Group II 
were children. Group III contained homosexual 
men with Kaposi's Sarcoma. Group IV were 
homosexual men with lympadenopathy. 

Within each group, the number of patients 
that required a surgical procedure and the 
number that required | multiple surgical 
interventions were determined and compared to 
the total group. Surgical procedures were 
studied with regard to number, typed within each 
group and compared against each other. 





Results, 
Table I 
GR I GR II GR III GR IV 

Total No. 

of patients - 71 5 236 184 
No. of patients 

requiring surgery 12 4 42 28 
Lost to follow-up 2 0 4 2 


No. of patients 
requiring multiple 
procedures 4 3 8 4 





Table II 





GR I GR II GR III GR IV 
Types of procedures: 
-biopsy only (periph) 5 7 31 21 


-biopsy only (major) 1 0 2 0 


-insertion vascular 
access catheter 2 4 12 4 


-excision fistula/ 
abscess 3 0 2 1 


GR I GR II GR III GR IV 
4 


-other 0 T 10 

-related to disease 3 0 T 9 

-unrelated 1 0 0 1 
Discussion. 


The Anesthesiologist must be cognizant of 
patients who might have AIDS. When anesthesia 
is administered to patients of questionable 
sexuality, drug addiction or hemophiliacs who 
show evidence of weight loss and inanition, 
the possibility of AIDS should be considered. 

Not only can the classical AIDS syndrome 
occur but also homosexual men with 
lymphadenopathy and those with Kaposi's 
syndrome are at risk for infectivity. The 
diagnosis of AIDS is made by a history of 
fever for longer than 3 months, chronic 
diarrhea, fatigue, night sweats, reduced 
number of Helper T cells, a diminished Helper/ 
suppressor T cell ratio, decreased lympho- 
proliferative responses and increased serum 
globulins. A patient that does not have the 
AIDS syndrome does not mean that he will not 
develop it or that at the present time we have 
sufficient immunologic evidence to rule out 
the infectiveness of these conditions. 

Testing for the human T-cell lymphotropic 
virus is just beginning and the social, 
ethical and medical consequences of 
reportability of a positive result is just 
being evaluated. Thus a patient may have a 
positive test for HTLV-III virus and the 
results not be entered in the patients chart 
or admitted to by the patient. 

Our results indieate that the majority of 
these patients present to the operating room 
for peripheral biopsies and the insertion of 
vascular access catheters. Such patients who 
also meet the above criteria should be con- 
sidered to be at risk for a positive HTLV-III 
antibody test and be handled as infectious. 

Additionally, enteric, hepatic and 
pulmonary precautions should be taken since 
these patients are the victims of 
opportunistic infections and are at risk to 
transmit them. 

It should be remembered that other 
general surgical procedures, often related to 
these diseases, are required. Routine 
anesthetic management must be coupled with the 
superimposing risks of the immunosuppressed 
patients. 
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Introduction. Extracorporeal Shockwave 
Lithotripsy (ESWL) has been introduced into medical 
practice in the U.S. as a revolutionary method for 
the noninvasive destruction of kidney stones. The 
Dornier ESWL device is being applied clinically in 
this country and is designed to produce a high 
energy shock wave external to a patient who is 
positioned in a semi-reclining position in a tank of 
water. By means of an ellipsoidal reflector, 
this energy is brought to focus on renal calculi 
within the renal collecting system. After 1500-2000 
shockwaves (triggered by the R wave of the ECG), the 
stones are reduced to particles that then can be 
passed in the urine, thereby obviating the need 
for an open surgical procedure. Our Department of 
Anesthesiology was involved from the outset in 
planning the construction of the facility and in 
implementing a program to provide anesthesia 
services for this group of patients. This report 
will describe the characteristics of our anesthetic 
practice during the first three months this facility 
was in use. Current projections are for 50 to 100 
more of these facilities to be established 
throughout the U.S. within the next two years. Our 
experience has implications for the planning, 
construction and operation of ESWL units. 

Methods. We began treating patients in late 
1984 and collected data related to the anesthetic 
care of these patients from the outset. This 
included general information describing the patients 
as well as information more specifically reporting 
anesthetic conduct (technique, drugs, recovery 
characteristics) and course of the ESWL treatment 
(duration of treatment, multiple or bilateral 
stones, need for retreatment). This study was 
conducted entirely during the course of the FDÀ 
evaluation of the technique. The FDA protocol was 
approved by the institution's Human Investigation 
Committee and required patients to be ASA Physical 
Status I or II, to have small stones in either 
kidney (although multiple small stones were accepted 
for treatment), and to be uninfected. Lithotripsy 
centers in Germany had conducted these procedures 
under both epidural and general anesthesia (1). Our 
program was begun with a bias heavily in favor of 
using epidural as the principal means of anesthesia. 

Results. Of 164 treatments during 65 working 
days, 29 were in patients treated previously. There 
was a progressive increase in the number of patients 
treated per day. The average age and weight (+S.D.) 
of our patients was 48 t 3 years and 80.5 = 16.8 kg. 
The primary anesthetic technique for these ESWL 
treatments was continuous epidural anesthesia in 133 
instances, general anesthesia in 13, and 
subarachnoid block (SAB) in 7. In addition, 
unsatisfactory regional anesthetics were converted 
to general anesthetics in 6 instances and attempted 
epidurals were converted to SAB's in 4. There was 
one continuous SAB. There were three 
post-anesthetic headaches reported, all after SAB's 


including the continuous SAB. There were no major 
post-anesthetic complications. The following stone 
characteristics were seen: 

DESCRIPTION OF STONES 

single Multiple Fragments 
eee 093059 77 — Se PD ee S Im 


Left 5 1 6 
Right 30 19 4 
Bilateral 6 26 --- 





EXTENSIONS OF TREATMENT 
NUMBER PER CENT 


BILATERAL ESWL TREATMENT 1 11.0% 
ENDOSCOPY PRIOR TO ESWL Rx 31 19.4% 
REPEAT TREATMENTS 29 17.7% 


TIME IN RECOVERY UNIT 
=--- MINUTES N-164) --- 


MODE MEAN 

ALL PATIENTS 90 
EPIDURAL (N-133) 70 85 
GENERAL (N=19) 70 91 
SAB (N=12) 150 138 


Discussion. In order to maximize the use of 
the ESWL device we planned and constructed a room 
adjacent to the lithotripter treatment room to be 
available for patient preparation and anesthesia. 
At our institution it was not possible to develop 
the ESWL facility adjacent to the main operating 
suite where the majority of anesthetic practice 
occurs. Because of this, we needed to assure the 
availability of a sufficient number of cases 
requiring anesthesia services to justify the 
assignment of Anesthesia Department staff to the 
area. Therefore, the facility was designed to 
include two G.U. endoscopy rooms outfitted for 
anesthetic administration. In addition to 
performing a large fraction of the anesthetics 
provided to G.U. patients in this area, we have 
found that 19% of our ESWL patients require an 
endourologic procedure, usually involving ureteral 
instrumentation, to dislodge fragments, to relieve 
ureteral obstruction or to prepare for ESWL using 
contrast material instilled into the renal pelvis. 
Fluoroscopy is necessary for these procedures and we 
recommend that an endoscopic room near the ESWL 
device be so equipped. Daily operation of the 
facility regularly involves anesthesia care of 
patients in the Anesthesia 'Induction/Preparation' 
room, the ESWL treatment room and one of the G.U. 
endoscopy rooms. We have included a six-bed post- 
anesthesia care unit (PACU) in the facility. 
Patients cared for here are returned to their 
hospital rooms following anesthetic recovery. At 
the end of the day after the last ESWL treatment is 
completed, the attending anesthesiologist and the 
PACU nursing staff may elect to transfer patients to 
the main PACU, 

REFERENCE: 1. Chaussy C: Extracorporeal 
Shockwave Lithotripsy. Basel, Karger. 1982 
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Introduction. The age-related pharmacokinetics 
of alfentanil have not been studied in children. 
Meistelman et all demonstrated that children aged 5 
to 8 years have a decrease in the Vdss, the volume 
of distribution, and as a result, a shortening of 
the t à beta (the eliminatior half-life). The aim 
of this study was to determine whether 
pharmacokinetics varied with age or weight of the 
normal pediatric patient, anc also the dosage of the 
drug given at 2 commonly-recommended doses. 


Methods. This study was approved by the Joint 
Committee on Medical Bioethics of the University of 
Calgary; consent for inclusion in the study was 
obtained from all parents. With no premedication, 3 
groups of ASA I patients were studied. Group I was 
aged 3-12 months and Group II aged 12 months to 14 
years. Both groups received alfentanil 50 
micrograms/kg. Group III, aged 14 months to 14 

years received alfentanil 120 micrograms/kg. 
Patients had a variety of surgical procedures 
performed, receiving an inhalational induction of 
anaesthesia with halothane and nitrous oxide/oxygen, 
followed by a bolus of pancuronium 0.1 mg/kg, and 
endotracheal intubation. With a maintenance 
anaesthetic of 0.5% halothane in nitrous oxide/ 
oxygen, a single intravenous bolus of alfentanil was 
given. Over the next 6 hours, 14 blood samples were 
drawn and alfentanil concentrations measured in 
triplicate by radioimmunassay. The accuracy and 
reproducibility of the assay was calculated by 
determining the alfentanil concentration in 7 blank 
plasma samples spiked with alfentanil in the 
concentration range of 0.2-600 nanograms/ml. The 
measured alfentanil concentration was within 6$ of 
the calculated concentration for all samples, with a 
coefficient of variation of 4% or less (n=25). 
Initial estimates of the pharmacokinetic parameters 
were calculated with the curve-stripping program 
described by Naizi2, using a Hewlett Packard 
computer.  Concentration/time points of alzentanil 
were best fitted to a two-compartment model using 
the Non-Lin computer program. 


Results.  Tabie I summarizes the 
pharmacokinetic data from all 18 patients. 


Discussion. Our results show that Vdss is half 
that found in adults and clearance rate is slightly 
faster, both of which contribute to the shorter 
t + beta, as t + beta = 0.693 x Vdss/clearance. 

They suggest, in addition, that alfentanil 
pharmacokinetics have no correlation with age (or 
weight) in pediatric patients aged 3 months to 14 
years and they are dose independant. Because there 
was: no difference in pharmacokinetic results between 
the doses of alfentanil administered, it would 
appear that there is no saturation of metabolic 
processes in doses up to 120 micrograms/kg: In 


comparing our results for alfentanil with 
age-related studies which have been done for other 
drugs (e.g. fentanyl, theophylline, phenytoin), it 
might be assumed that the difference in 
pharmacokinetics would be a reflection of increased 
metabolic rate in pediatric patients. It is 
possible, however, that the difference we have 
observed could be methodological. As a result of 
our studies, it might be expected that in pediatric 
patients blood levels would be higher for an 
equivalent dose/kg and a faster decrease in blood 
levels would occur. It is conceivable that the 
duration of action of alfentanil may be shorter 
than in adults. 


References. 
l. Meistelman C, Saint-Maurice C, Loose, J.P, 
Levron J.C. Anesthesiology 1984; 61:4443. 
2. Naizi S Textbook of Biopharmaceutics and 
Clinical Pharmacokinetics, New York: 
Appleton Century-Croft, 1979:304. 
3. Bovill J.G, Sebel P.S, Blackburn C.L, 
Heykants J. The Pharmacokinetics of Alfentanil 
(R39209) A New Opioid Analgesic. 
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TABLE I. Pharmacokinetic data comparison for 
18 patients aged 3 months to 14 years with adult 


data. Doses are 50 and 120 micrograms/kg. 


Our Results Adults 
T.B.C. 7.99 (1.75) 6.4 (1.4) ml/kg/min 
Vdss 530 (238) 860 (940) mi/kg 
t 4 alpha 12 (4.4) 11.6 (1.6) minutes 


t + beta 68.27 (22) 94 (1.9) minutes 


TABLE II.  Pharmacokinetic comparison between 
groups. 


Group I Group II 


Number 6 7 

Age 3-12 months 1-14 years 
Vc 168 (58) 208 (37) 
T.B.C. 7.9 (1.15) 7.9 (2.2) 
Vdss 471 (227) 509 (197) 
t 4 alpha 9 (5.6) 13.7 (2.8) 
t ł beta 70 (23) 83 (37) 





Where,: Values are mean (Standard Deviation) 


Vc - volume of central compartment 
T.B.C. = total body clearance 

Vdss = volume of distribution 

t 4 alpha = distribution phase half-life 
t + beta = elimination phase half-life 
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Introduction: Intraoperative somato-sensory 
evoked potentials (SSEPs) have been increasingly used 
in recent years to monitor neurological function in 
patients undergoing scoliosis surgery and other neuro- 
surgical procedures. Knowledge of the effect of 
anesthetics being used, on SSEPs therefore has obvious 
significance in the management of these patients. The 
present investigation was undertaken to study the 
effects of clinically used concentrations of isoflurane 
on different components of median nerve somato- 
sensory evoked potentials (MN-SSEPs). 

Methods: Institutional approval of the study pro- 
tocol was obtained. Fifteen consenting adult patients 
(ASA Class D were studied. Preoperatively MN-SSEPs 
were recorded. Anesthesia was induced with intrave- 
nous thiamylal sodium (3-7 mg/kg) followed by either 
suecinyleholine (1 mg/kg) or pancuronium bromide (0.1 
mg/kg) to facilitate endotracheal intubation. Heart 
rate, EKG, systemic blood pressure, esophageal tem- 
perature, and end tidal concentrations of carbon dioxide 
and isoflurane were continuously monitored during 
surgery. Anesthesia was maintained with oxygen and 
isoflurane. Median nerve somato-sensory evoked 
potentials were recorded at 0.5, 1, 1.5 and 2 percent 
end tidal isoflurane concentrations. Recordings of 
MN-SSEPs began at least 20 min after injection of 
thiamylal sodium and end tidal isoflurane concentra- 
tions were held constant for at least 10 min before 
recordings. Order of exposure to different isoflurane 
concentrations varied among patients. The dose of 
isoflurane was administered according to needs of the 
patient in keeping with the level of surgical stimula- 
tion. Therefore, not all patients could be studied at all 
concentrations of isoflurane. We could record MN- 
SSEPs at stable end tidal isoflurane concentrations of 
0.5% in seven, 1.0% in all fifteen, 1.5% in fourteen, and 
2% in ten patients. Thirteen out of fifteen patients 
were successfully studied at both 1% and 1.5% concen- 
trations. 

Stimulation and recording parameters for MN- 
SSEPs followed the American Encephalographie Society 
guidelines’. Absolute latencies and amplitude of Erb's 
point potential (EP), cervical potential (N13), and sealp 
potential (N20) were measured. From these values 
conduction times from EP to N13, N13 to N20, and EP 
to N20 were calculated. 

Statistical Analysis: Numerical data were sub- 
jected to repeated measures analysis of variance using 
Hotelling's T-square test to determine statistical sig- 
nificance. A p-value less than 0.05 was considered 
significant. Values obtained in thirteen patients which 
could be studied at both 1.0% and 1.5% end tidal iso- 
flurane concentrations were included for . repeated 
measured analysis of variance. 

Results: Erb's potential (EP) and N13 latencies 
increased slightly at all concentrations but these waves 
remained well defined. Contralateral scalp responses 
(N20) were reduced in amplitude but were evident in all 
patients after end tidal concentrations of 0.5 and 1.0 
percent, in thirteen out of fourteen patients after 1.5% 
and in seven out of ten patients after 2% isoflurane. 
Both prolongation of latency of N20 and increase in 





conduction time from EP to N20 were dose related. 
Mean increase in latency of N20 in seven patients after 
2% isoflurane was 3.71 msec. The range being 2.07 to 
9.04 msec. Mean EP - N20 conduction time increased 
by 3.23 msee with a range of 1.71 to 4.40 msee. Com- 
ponents later than N20 were less durable and could not 
be identified after more than 0.5% isoflurane. Mean 
values for absolute latencies of different peaks and 
interpeak conduction times at various end tidal con- 
centrations studied are shown in Tables 1 and 2 
respectively. Absolute latencies of EP, N13 and N20 
increased significantly when compared with control 
values. The difference between latencies of EP and 
N13 recorded after administration of 1% and 1.5% 
isoflurane was not significant (not dose-related), while 
that for latency of N20 was significant. There was no 
significant change in conduction time from EP to N13 
at any concentration of isoflurane studied while con- 
duction time from N13 to N20 increased significantly 
with the administration of isoflurane compared to con- 
trol values. The difference in N13 ~ N20 conduction 
time recorded at 1% and 1.5% concentrations of iso- 
flurane was also significant. 

Discussion: Our findings suggest that intraoper- 
ative MN-SSEPs monitoring with isoflurane anesthesia 
is often feasible. Isoflurane has differential effect on 
potentials generated at different levels of the nervous 
system. Potentials generated in rostral somatosensory 
pathway (N18, N20, P23, ete.) are increasingly attenu- 
ated. Peripheral nerve, cervical spinal cord end caudal 
brainstem are minimally effected. The durable N13- 
P14 potentials may be the most suitable of the MN- 
SSEPs for intraoperative monitoring when isoflurane is 
the anesthetic being used. N20 is preserved but is. 
markedly attenuated at end tidal concentrations of 2% 
isoflurane. These findings lead us to conclude that 
isoflurane may alter synaptic transmission more than 
afferent fiber conduction in central somato-sensory 
pathways. 
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TABLE 1 
Absolute Latencies and Conduction Times (Mean $ S.D.) of 


Different Feaks of 
MN-SSEPS at Different Concentrations of Isoflurane 


End Ttdal Absolute Latenctes Conduction Timez 

1sof turane: 

Control 10.41 £$ 79° | 13.78 z .93* | 19.34 ¢ 1.39% 3.68 à .38^] 5.54 è T.83X |. 9,19 4 1.0)" 
131.22 $ .98] 12.93 € 5.51 121.65 4 1.95 ] 3.55 ¢ 1.46] 6.88 4 1.22 
10.73 x Bí* | 34.49 £ 1.42*| 21.95 ¢ 2.08% 
10,73 £ .76"] 14,49 + 1.42*|22.94 ż 1.23* 
10.32 5 .74 







10.44 ¢ 1.00 
11.22 £ 1.65" 
12.14 s 1.56" 
12.68 p.58 





7.46 + 1.60" 







3.97 ¢ .59^| 8.37 $ 1.20% 









14,26 ¢ 1.26 [22.85 + 66 3.94 $ .74 | 9.01 $ .?: 


mane [u[ cem sm [ 0m | o e [ o eee 
A "Values tneluded tn repeated measures analysis of vartante 
Pairwise Comearisons: 
££ x x22 £5 x3 mi - B25 EP- MI$ 
Control vs iX Significant Significant Sigaificant NLS. Significant Significant. 
Control vs 1.8% Significant Significant Significant us, Significant Significant 
1% vs 1.53 WLS. N.S. Significant W.S Significant Significant 
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Introduction. Dantrolene in the presence of verapa- 
mil has been reported to cause cardiovascular depres- 
sion in dogs! and to cause hyperkalemia and cardio- 
vascular collapse in pigs. It is unclear whether 
the response in pigs is species-specific. Serum 
sodium, potassium, calcium (ionized and total) and 
osmolality (0SM) have not been examined in the dog 
model. We therefore measured the above and the 
cardiovascular parameters in dogs given dantrolene 
with and without concurrent verapamil administration. 


Methods. Twenty mongrel dogs, weighing 14-21 kg, 
were induced by sodium thiopenthal (20 mg/kg, IV), 
intubated and mechanically ventilated to maintain 
ETCO02 between 35 + 5 mm Hg. Anesthesia was maintained 


using a-chloralose-urethane (100 mg/kg, IV bolus fol- 


lowed by 10 mg/kg/hr infusion). A femoral arterial 
line was placed and a Swan-Ganz 7 Fr thermodilution 
catheter was inserted into tne pulmonary artery via 
an external jugular vein to measure central venous 
(CVP), pulmonary artery (PA), and pulmonary artery 
wedge (PAW) pressures and cardiac output (CO). All 
drugs were dissolved in sterile water and normal 
saline was infused at approximately 5 ml/kg/hr during 
the study. Lead II EKG was recorded. A heating 
blanket was used to maintain normothermia. Serum 
[Nat], [K*], [Ca] (ionized end total) and OSM were 
measured. After a stabilization period of one hour, 
duplicate baseline measurements were obtained every 
15 min. The dogs were then randomly divided into 
four groups with five animals in each group. Group 1 
received neither dandrolene nor verapamil (control). 
Group 2 received three successive IV doses of dan- 
trolene (1 mg/kg, 3 mg/kg, 6 mg/kg) at 30 minute 
intervals. Group 3 received verapamil 0.1 mg/kg, 
IV, followed by a continuous infusion of 5 ug/kg/hr. 
Group 4 received verapamil as in group 3; followed 
by dantrolene as in group 2. Measurements were 
obtained at 15 minute intervals for two and a half 
hours. Group differences were determined by one way 
analysis of variance and statistical significance 
was taken at P < 0.05. 


Results. A progressive rise in serum [Kt] occurred 
in groups 2 and 4, being significant after 120 min. 
Serum total Ca in group 4 and serum Na* levels in 
groups 2 and 4 were significantly lower (but within 
normal range) than the other groups after the third 
dose of IV dantrolene. By contrast, there were no 
differences in serum ionized Ca concentrations. There 
were no statistically significant differences in mean 
arterial pressure, heart rate, PA, pulmonary vascular 
resistance, systemic vascular resistance or CO between 
groups. There were no physiological differences in 
arterial pH, PaCOo, PaQo or serum OSM between groups 
throughout the study. One dog in group 4 developed 
a junctional rhythm after receiving the final dose 
of dantrolene. Otherwise, PR and QT intervals and 
QRS durations were similar in all groups. 


Discussion. Dantrolene given alone or during ver- 
apamil infusion did not cause hemodynamic changes in 
our dog model. Larger doses of verapamil are per- 
haps requ AL to produce cardiovascular depression 
in the dog.4+ Changes in serum [Nat], [Catt], and OSM 


were physiologically insignificant and a decrease in 
serum total [Ca] was noted only in the verapamil- 
dantrolene combination group. However, dantrolene 
and verapamil-dantrolene both produced hyperkalemia 
in our dog model. These results suggest that hyper- 
kalemia in response to verapamil and dantrolene is 
not specific to the pig and they should not be given 
together as a theoretically superior drug combination 
for the treatment of malignant hyperthermia. 
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Each point represents the mean of 5 animals. 
Verapamil infusion was initiated at time 15 
min while dantrolene doses were given at 

times 45, 75 and 105 min. 
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Introduction. Thyrotropin releasing hormone 
(TRH) is a neuropeptide possessing many interesting 
qualities. Its well-described analeptic actions in 
pharmacologic doses are of obvious relevance to anes- 
thesiology. However, its puzzling interactive effect 
with other drugs in exacerbating their lethality, 
despite its own high safety margin, has prevented its 
ready application. Beyond the pharmacologic develop- 
ment of its practical uses, TRH is of theoretical 
interest in cardiovascular physiology, since 1) it is 
one of the most potent centrally-effective cardiovas- 
cular stimulants known, suggesting neurotransmitter 
or co-modulator activity, 2) it is one of the few 
agents known to simultaneously raise mean blood pres- 
sure (MBP) and heart rate (HR) when given centrally 
or peripherally, and 3) its cardiovascular actions 
are apparently not entirely dependent on sympathico- 
adrenal pathways. Although many studies have explor- 
ed the ability of TRH to reverse central nervous de- 
pression induced by various anesthetics, little is 
known regarding the concomitant cardiovascular, re- 
spiratory, and metabolic responses to analeptic doses 
of TRH when given under various anesthetics and, 
particularly, how these responses compare to effects 
in the conscious (CON) state. To this end the pres- 
ent study was performed using a conscious rat mode] 
as a standard for comparison of the interaction of 
TRH with enflurane (ENF), isoflurane (ISO), ketamine 
(KET), and pentobarbital (PEN) with respect to cen- 
tral hemodynamics, respiratory rate (RR), blood gases, 
glucose (GLU), and lactate (LAC). The minimum alveo- 
lar concentration (MAC) of the inhaled agents was 
chosen as a meaningful basis for equating anesthetic 
dosages; amounts of the intravenous (IV) agents giv- 
ing a similar depth of anesthesia under the condi- 
tions of this study were determined in pilot experi- 
ments. 

Methods. Fifty-four male Sprague-Dawley rats 
(285 + 4g, mean + SEM) were divided into 5 groups, 
CON (N = 11), ENF {N = 12), ISO (N = 10), KET (N = 
11), and PEN (N = 10). The anesthetic assigned to 
each group was its sole anesthetic for induction, 
intubation, surgery, and maintenance. Anesthetic 
protocols during the experimental period were: 2% ENF 
or 1.4% ISO in oxygen with spontaneous respiration; 
60 mg/kg/hr KET (25 mg/ml) or 8 mg/kg/hr PEN (3.3 mg/ 
ml) by continuous IV infusion with oxygen breathed 
spontaneously. In the CON group ENF was used for 
surgery, and their measurements were begun 1 hr after 
extubation. MBP, HR, central venous pressure, car- 
diac output (thermodilution), and RR measurements 
were made over a 20 min baseline period and for 1 hr 
after a 2 mg/kg IV bolus of TRH. Arteria] blood 
samples (0.3 ml) were collected pre-TRH and at 5 min 
and 1 hr after TRH for determination of pH, PCOs, 
PO», hematocrit, GLU, and LAC. The data were analyz- 
ed using repeated measures analysis of variance with 
a 5% significance level. 

Results. The main cardiovascular and respira- 
tory data are summarized in the table as the mean 
differences in the responses noted at 5 min after TRH 
minus the baseline values pre-TRH (listed in paren- 
theses). With few exceptions the peak effect of TRH 
occurred in each parameter by 5 min and returned to 
baseline by 60 min or before. TRH produced a rapid 


increase in HR, MBP, and RR in all groups (except for 
MBP in PEN). The stimulant action of TRH was very 
pronounced in RR and persisted for at least 30 min in 
those groups (ENF, ISO, and PEN) where RR was de- 
pressed pre-TRH, but not with KET where RR was the 
same as CON pre-TRH. The large increases in RR with 
TRH for ISO and ENF were associated with significant 
decreases in arterial PCO2 and increases in plasma 
LAC. TRH increased plasma GLU in all groups except 
ENF where baseline GLU was already markedly elevated 
above CON pre-TRH. 


Table. Change (Post-Pre) within 5 min of TRH (2 mg/ 
kg IV bolus) in parameters related to cardio- 


vascular and respiratory function. 


Cardiovascular Parameters (mean difference + SEM) 


Group HR (BPM) MBP (mmHg) GLU (mg/dl) 
CON 30+9* (383), 7+3* (119), 3347* (119) 
ENF 33*5* (304) 1442* (82) è  -2*6 (162)? 
150 36412*(365)°  16*4* (105)? —4517* (143) 
KET 25r6* (312)?  ll*2* (110): 11F3* (101) 
PEN 28t7* (408) 4*4 (136)?  35*9* (107) 


Respiratory Parameters (mean difference * SEM) 
Group RR (BPM) PCO (mmHg) LAC (mg/dl) 


CON 26t9* (99). -2*] (34). 7*1* (10). 
ENF 50F5* (64)? — -19*2* (60) 4¥1* (13) 
ISO 64+6* (72) -5t1* (37). 14#3* (19) 
KET 1445* (99), — -Trl (40)? .6*.3 (8) 
PEN 2]*5* (72) -6*2* (48) .4*.6 (8) 


*p«.05 significant change from baseline (values in 
r parentheses). 
p«.05 anesthetic baseline significantly different 
from CON baseline. 


Discussion. The rapid increases in HR and MBP 
and GLU following IV TRH are suggestive of potent 
adrenergic actions of this neuropeptide, as noted by 
others. Strong primary effects of the drug are in- 
dicated by the dual action of TRH in reversing the 
depressant effects of the anesthetics on both the 
cardiovascular and respiratory systems. The cardio- 
vascular responses to TRH were surprisingly uniform 
despite significant anesthetic-induced deviations 
from the CON baseline. This points to a peripheral 
site of action for TRH close to the cardiovascular 
and/or adrenal neuroeffector junctions, since the 4 
anesthetics have varied influences on reflexogenic 
and central nervous circulatory contro] function. On 
the other hand, some support for an inverse relation- 
ship between the magnitude of response to TRH and the 
degree of anesthetic-induced depression of function 
can be seen in the respiratory data, indicating a 
predominantly central nervous effect of TRH on venti- 
latory control. Finally, the blood gas and lactate 
data confirm that in the presence of anesthetic de- 
pression of respiration TRH can produce a significant 
increase in alveolar ventilation, not just a volume- 
compensated rate increase. 

(Supported by the Anesthesiology Research Fund and the 
Veterans Administration Research Service). 
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INTRODUCTION: The effects of halothane(H) and 
isoflurane(I) on cerebral blood flow(CBF) in normal 
animals during normocapnia have been well studied, 
i.e. 1 MAC H increases CBF while 1 MAC I has little 
or no effect(1,2). This suggests that I might offer 
advantages over H in the anesthetic management of 
patients with elevated ICP. However,no direct com 
parison of the ICP effects of H and I in the pres- 
ence of brain injury has been performed.  Thus,this 
study directly compared the ICP effects of H and I 
in animals with elevated ICP produced by a traumatic 
brain injury(freeze lesion). 

METHODS: 20 rabbits were anesthetized with 4% H in 
O5. After intubation, H was discontinued and mor- 
vfiine sulfate(MS) 10 mg/kg , pancuronium(P) 1 mg and 
3$ Evans Blue(EB) dye 3 ml were given IV. This was 
followed by an infusion of 2 mg/kg/hr MS and 8.5 
mg/kg P. Animals were ventilated with 70$ No in 05 
with CO, added to maintain normocapnia at all times. 
After 0^ 25% bupivicaine infiltration, an arterial 
line was placed in the groin and the skull exposed 
by reflecting the tissues laterally after a midline 
incision. Monitored parameters were mean arterial 
pressure(MAP), arterial blocd gases(ABGs), fronto- 
occipital electroencephalogram(EEG), end tidal (ET) 
CO, , ET H or I and supratentorial ICP measured with 
a Stereotactically placed needle in the right cere- 
bral ventricle. Following placement of the ventri- 
culostomy needle, a funnel was fixed to the intact 
skull overlying the left parietal area with epoxy 
and animals were left undisturbed until the ET H 
concentration was < 8.08%. A cryogenic injury was 
then produced by filling the funnel with liquid N 
for exactly 1 minute. 1 hour after lesioning, whén 
ICP had not changed more than 1 mm Hg in the preced- 
ing 5 minutes, animals were given either H(n-l0) or 
I(n=18). H or I was introduced over 10 minutes to 
achieve a 1 MAC ET concentration and was continued 
at that level for 15 minutes. MAP was supported at 
pre-volatile agent levels with angiotensin II.  ICP 
was recorded continuously with notation made of the 
mean value pre-iesion, immediately before H or I 
administration, and at the point at which the 
highest mean ICP was achieved during the 15 minute 
period of 1 MAC administration of H or I. Animals 
were then sacrificed and the brains removed and 
placed in formalin. Changes in ICP coincident with 
the administration of H or I were compared within 
groups using a paired t-test corrected for multiple 
comparisons and differences between groups with a 
t-test for unpaired data. P < 0.05 was considered 
significant. Brains were inspected grossly to 
determine the degree of penetration of EB dye and 
the EEG records examined to document the presence or 
absence of seizure activity during H or I adminis- 
tration. 

RESULTS: MAP and ABGs were equivalent in the two 
groups before the freeze lesion and at the time of H 
or I administration. In both groups, the lesion 
resulted in a significant elevation in ICP from 
baseline. Administration of H or I was associated 
with significant further increases in ICP within 
groups, but no intergroup differences were 
observed(Table 1). The ranges of ICP elevation fol- 
lowing the lesion were roughly comparable in the two 


groups. Figure 1 summarizes the ICP responses to 
either H or I for the individual rabbits. Seizure 
activity was noted frequently following the insult, 
but was not observed during administration of either 
H or I. Brain damage as assessed by EB dye penetra- 
tion was confined to a well circumscribed circular 
area centered on the left parietal cortex. No gross 
differences were observed between groups. 


DISCUSSION: These data demonstrate that following 


traumatic brain injury ,in the presence of elevated 
ICP and normocapnia, addition of 1 MAC I is associ- 
ated with ICP increases equivalent to those seen 
with the administration of 1 MAC H if MAP is main- 
tained, Thus, despite the minimal increase in CBF 
caused by I in normal animals, significant elevation 
of ICP may occur when I is administered in the pres- 
ence of cerebral injury. If this model is relevant 
to human anesthesia, these data imply that I may not 
confer any advatage over H with regard to the 
anesthetic management of intracranial hypertension 
when  normocapnia is maintained. Studies are 
presently underway to determine if hypocapnia can 
modify the ICP responses observed in this study. 
TABLE 1~MEAN ICP CHANGES 


Pre-lesion Before H or I Highest ICP 


H (n-18) 4.6t*1.6 *21.4411.5 *30.2*12.9 


I (n=1¢) 5,441.5 *19.5410 *29.5414.6 
* Denotes significant increase from previous value 
within group(p<8.@5, paired t-test). No significant 
intergroup differences were observed. 
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INTRODUCTION: It has been suggested that changes 

in arterial carbon dioxide tension (P. COS) affect 
sensory evoked potential waveforms (1) 2 ccordingly, 
it has been recommended that P CO, be kept constant 
during critical monitoring periods. We undertook 
the following study to determine the nature and mag- 
nitude of -the effects of acute hypocapnia on median 
nerve somatosensory evoked potentials (MnSSEPs), 


METHODS: Institutional approval and informed con- 
sent were obtained. We investigated 10 neurologi- 
cally normal adults, aged 22-62 years, who were 
Scheduled for elective non-neurologic surgery. 
After premedication (morphine @.2mg/kg im 68 min 
preinduction), anesthesia was induced with sodium 
thiopental 4-8mg/kg, fentanyl 10-15ng/kg and relax- 
ant. The trachea was intubated and the lungs were 
mechanically ventilated. Anesthesia was maintained 
with N40 (65% inspired) and isoflurane (0.5% 
ord End tidal CO (ETCO,, ) was monitored with 
an Expanded Performance to, Monitor (Puritan Ben- 
nett). Replicated unilatefal MnSSEPs were obtained 
from surface electrodes at Erb's point, the second 
vertebral prone? (Ci p, hg the contralateral sen- 
sory cortex (C.' or o . MnSSEPs were recorded 
after ETCO nad been ae for 15 min at normocap- 
nia (N) ( 737-40 mm Hg), hypocapnia (H) (ETCO, 
-z20-22 mm SES and on return to normocapnia (NR) 
(ETCO, 238-41 mm Hg). Hypocapnia was induced by 
mechanical hyperventilation. The cortical waveform 
of interest consisted of an initial negativity (N.) 
at 19-23 ms, followed by a positivity (P,) at 22-27 
ms. For each recording, mean systemic blood pres- 
sure (MAP), heart rate (HR) and esophageal tempera- 
ture (ET) were noted.  MnSSEPs were not recorded 
until at least 20 min after induction, introduction 
of an inhaled anesthetic and incision. To prevent 
cooling of the stimulated extremity, it was wrapped 
and the peripheral IV cannula was placed in the 
opposite forearm. A heater-humidifier and fluid 
warmer were used to maintain body temperature. 


RESULTS: MAP, HR and ET were not different at H, N 
or NR. Spot checks of free flowing venous PCO. con- 
firmed the magnitude of the step changes in o». 


Reproducible’ MnSSEP waveforms were obtained in -il 
patients. Hypocapnia resulted in a decrease in all 
MnSSEP latencies and had no effect on N,-P, ampli- 
tude (see table). The latencies of cortical 
waveform components were affected to a greater 
extent than subcortical ones (see figure). The shor- 
tening of Cu, N and P, latency achieved statisti- 
cal significance at H while D Sia oae and 
CCT (Central Conduction Time = interwave 
latency) did not. Although di atencies did 
not appear to return completely to their pre- 
hypocapnia levels, there were no statistically sig- 
nificant differences between values observed at N 
and NR, 


DISCUSSION: Our data indicate that acute hypocapnia 
produced by mechanical hyperventilation shortens 
MnSSEP latencies. While statistically significant, 
the cortical latency changes caused by a 20 mm Hg 


decrease in ETCO, were small and CCT remained 
unchanged. We therefore conclude that acute hypo- 
capnia of a degree frequently encountered during 
clinical SSEP monitoring will not interfere with the 
accurate interpretation of MnSSEPs. 


REFERENCE: 
l. Tachibana, N: Int Anes Clin 1975;13:191-213. 


Table: MnSSEP Latency (ms) and Amplitude (yV) 


_ During Normocapnia and Hypocapnia (Mean(t-S.D.): 


N H RR 












11.55:0.72 | 11.38+8.71 11.5349.90 











om 14.8041.14 | 14,50+1.13* | 14.75+1.08 
CCT 6.1449.81 |  5.7540.61 6.0740.64 
Ny 20.9341.50 | 20.2541.49* | -20.83+1.44 
Py 25.1742.88 | 24.2342.52* | 24.8243.04 

0.8910.42 |  0.87:0.36 0.7340.42 





* p«0.02 vs. N or NR 
Figure: Effect of Hypocapnia on MnSSEP latency 
(*p«2.02 vs. N or NR) 
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INTRODUCTION: To be useful in the detection of 
intraoperative venous air embolism, a precordial 
Doppler probe must be correctly positioned over 
right heart structures. Several techniques for ver- 
ifying accurate probe position are in use. These 
include observation of the Doppler response to the 
injection of carbon dioxide (CO4,) or a small fluid 
bolus through either a central Or a peripheral 
venous catheter." However, the validity of the fluid 
bolus method has been questioned because the mechan- 
ical disturbance caused by a bolus of fluid rapidly 
injected into the central circulation may be 
transmitted across the intracardiac septum. This 
could result in false verification of the placement 
of a Doppler probe which is actually monitoring only 
left heart structures, with subsequent inability to 
detect intraoperative venous air embolization. To 
clarify this issue, we have examined the responses 
of a conventionally placed parasternal probe to both 
peripheral and central injection of normal saline 
(NS) and (CO), and compared these with the 
responses from a probe intentionally malpositioned 
laterally over the left precordium. 

METHODS: With institutional approval and informed 
consent, we studied 18 consecutive adults (ages 18- 
74) undergoing elective craniotomy. After induction 
of anesthesia and tracheal intubation, the lungs 
were mechanically ventilated at tidal volumes of 1g 
ml/kg. A multiorificed central venous catheter 
(Banegin-Albin Air Aspiration Set, Cook Inc.) was 
inserted via the antecubital route, with the tip 
positioned at the SVC-atrial junction r3 Doppler 
sounds were monitored with two P-81 ultrasound 
probes attached to separate Versatone (MedSonics 
Inc.) units. Probe (R) was placed at the conven- 
tional location along the right parasternal border 
between the 3rd and 6th intercostal spaces. If a 
good signal could not be elicited at this location 
(3 patients), the left parasternal location yielding 
the best signal was selected. Probe (L) was posi- 
tioned as far laterally on the left precordium as 
was consistent with a Doppler signal of good qual- 
lty. Both probes were secured with adhesive tape. 
The patients then received a systematially varied 
sequence of 4 IV injections of room temperature NS 
(19 ml) and CO2 (1 ml) given via the central and 
peripheral (16g, forearm) venous catheters.  Injec- 
tions were made as rapidly as possible through a 
stopcock 50 cm proximal to the hub of the central or 
peripheral IV catheter, through which a crystalloid 
infusion was maintained at 2900-300 ml/hr. After 
each injection, Doppler sounds were allowed to 
return to normal with a minimum of 3 min elapsing 
between injections. All injections were completed 
prior to headholder placement and skin incision and 
were performed with patients in the semi-recumbent 
position. Simultaneous audiotape recordings of the 
output of each Versatone were made. The tapes were 
later analyzed and Doppler responses to the test 
injections graded by blinded observers as either 
positive or negative. 

RESULTS: Technically satisfactory recordings were 
obtained in 17/18 patients. Results are summarized 
in the table. NS injected via the central catheter 
elicited a positive response from R in all patients 


(17/17), but also yielded a positive response at L 
in 13/17 patients. By contrast, CO, injected via 
the central catheter was detected by 15/17 R probes, 
as compared with only 5/17 L probes. The difference 
in the response rates at the L probe was significant 
(p < .015). The positive response rates to peri- 
pheral NS and CO, are included in the table for com- 
parison. However, the subsequent discussion will 
principally address the response to injections via 
the centrally placed catheter. 

DISCUSSION: These data indicate that the use of cen- 
trally injected NS as a means for testing Doppler 
probe positioning can yield false positive verifica- 
tion of accurate placement. The observation that 
the laterally placed probe L yielded a positive 
response to CO, in some patients suggests that its 
field of detection occasionally included right heart 
structures. This, in turn, suggests that relatively 
leftward probe placement may, on occasion, provide 
satisfactory air detection. However, while the L 
probe detected gas after 29$ of central CO2 injec- 
tions, the positive response rate for central NS at 
L was 76%. The difference (47%) indicates that 
bolus NS injection can yield a positive response 
where gas bubbles will not. One explanation for 
this may be that NS, forcefully injected through a 
centrally placed catheter, produces sufficient tur- 
bulence and/or vibration to cause movement of left 
heart structures of a magnitude detectable by the 
malpositioned Doppler probe. 


We conclude that under the conditions of the 
present study, when Doppler probe placement is 
tested by means of a centrally injected NS bolus, 
false positive confirmation of adequate doppler 
probe placement can occur. This could result in the 
subsequent failure to detect intraoperative air 
emboli in some patients. This may be particularly 
relevant when right parasternal placement is not 
attainable and alternate locations for probe place- 
ment must be utilized. 
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Table: Number of Positive Responses (%) to Central 


: and Peripheral NS and CO2 (n-17). 


CENTRAL 


PERIPHERAL 
CO2 
1l (65%) 


eo 


15 (882) 


* 
) 


NS 




















17 (168%) 14 (82%) 





5. (29%) 3 (18$) 





13 (76%) 5 (29$ 
i p<@.@15 vs. NS; other central and peripheral 
CO2/NS comparisons ns (Fisher's exact test). 
Nevertheless, the positive response rate at L for 
central NS (76%) was significantly in excess of that 
observed with central CO, injection (29%). 
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INTRODUCTION: Although the effect of low dose IV 
fentanyl on human somatosensory evoked, potentials 
(SSEPs) has been reported previously '^, high doses 
have not been studied systematically. Yet, high 
dose fentanyl is often an appropriate anesthetic 
technique for patients who require intraoperative 
SSEP monitoring. We investigated the effect of high 
dose fentanyl on median nerve SSEPs in patients 
undergoing cardiac surgery. 


METHOD: Having obtained institutional approval and 
informed consent, we studied nine neurologically 
normal adult patients, aged 45-84 years, who were 
scheduled for elective cardiac surgery. After 
premedication (diazepam 0.1-0.2mg/kg po, morphine 
9.08-0.15mg/kg im 68-98 min preinduction), unila- 
teral median nerve SSEPs were obtained from surface 
electrodes at Erbs's point, the 2nd cervical ver- 
tebral process (Cr ) and the contralateral sensory 
cortex (C4' or C4 +" The cortical waveform of 
interest consisted of an initial negativity (N,) at 
20-24 ms, followed by a positivity (P,) at 22-27 ms. 
Mean systemic arterial pressure (MAP), core tempera- 
ture (CT) and arterial blood gas tensions (ABG) were 
measured. Anesthesia was then induced with O», 
relaxant and fentanyl.  Fentanyl was administered as 
a slow IV bolus (mean dose 53ug/kg; range 36- 
Tipg/kg) over a period of 10-20 min, followed by an 
infusion of 1l0-20ug/kg/hr. Ventilation was adjusted 
to maintain a normal end tidal CO (ETCO,).  SSEP 
recordings were repeated 20 min ft-20) ánd 45 min 
(t=45) after induction of anesthesia. MAP, CT and 
ABGs were noted. To prevent local cooling, the 
stimulated extremity was wrapped and the peripheral 
IV cannula was placed in the opposite arm. A 
heater-humidifier, fluid warmer and heating blanket 
were employed to maintain CT. 


RESULTS: MAP was unchanged from control at t-20 
and t-45. CT was 36.02 + @.47°C preinduction, 35.57 
+ 0.709C at t-20 (n.s.) and 35.37 + 0.619C at t-45 
(p«8.05 vs. control). Pre- and postinduction ABG's 
confirmed adequate oxygenation. Although reproduci- 
ble preinduction SSEP waveforms were obtained in all 
nine patients, noise artifact prevented identifica- 
tion of the Erbs's point potential in two patients. 
Cumulative fentanyl doses of 55.048.6 pg/kg at t-20 
and 63.64+18.1 ng/kg at t-45 resulted in an increase 
in all SSEP latencies and a decrease in the N,-P 
amplitude (see table). The cortical components o 
the SSEP were affected to a greater extent than 
subcortical ones. Amplitude and latency values at 
t-20 were not statistically different from those 
obtained at t-45 (see figure). 


DISCUSSION: Despite small but statistically signi- 
ficant changes in latency and amplitude, the SSEP 
waveforms remained consistently  recordable and 
interpretable. We conclude that median nerve SSEPs 
can be effectively monitored during high dose fen- 
tanyl anesthesia. However, accurate interpretation, 
particularly of cortical waveform changes, must take 
into account the magnitude and time course of 
fentanyl's effect on the evoked response. 


REFERENCES: 

l. Pathak KS, Brown RH, Cascorbi HF, Nash CL: 
Anesth & Analg 1984;63:833-837. 

2. Grundy BL, Brown RH, Berill AJA: Anesth & Analg 
1989;59:544—545. 


Table: Latency (ms) and Amplitude (nV) Prior to and 
During High Dose Fentanyl (Mean + S.D.) (n=9"). 


ontro = min = min 
ERB's 11,89+1,18 12.214.69 12.2241.70 
Cu 15.5241.65 15.9641.52*  — 16.0211.54* 
CCT 5.5940 .94 6.2340.99 6.48*1.18* 
Ny 21.18+1.42 22,18+1.55*  — 22.5041.52* 
Py 24.6842.81  26.3242.46*  25.36+2.50* 
Ni-P,  2.04+1.30 1.3140. 74* 1.3349.74* 


Amp 





CCT (Central Conduction Time) = tr-N, interwave 
latency. * p«0.02 vs. control; "m or Erb's. 


Figure: Effect of High Dose Fentanyl on SSEP laten- 
cies at t-20 and t=45 (* p«9.02 vs. control). 
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Introduction: Atracurium has a moderately fast 
onset at the high end of,the recommended clinical 
dose range (0.5 mg/kg). Recently it has been 
suggested that 0.8 mg/kg may provide satisfactory 
intubating conditions at 90 „seconds without 
Significant haemodynamic changes. Other studies, 
however, have shown that at 9.6 mg/kg there is a 
significant reduction in mean arterial pressure in 
association with histamine release. This study 
was designed to determine the safety: and efficacy 
of administering 0.8 mg/kg of atracurium to healthy 
patients. The clinical pharmacology, in particular 
the speed of onset and the haemodynamic response to 
a variety of administration techniques, was 
studied. Some of this data is compared to data 
obtained previously under the same protocol but at 
a lower dose level (0.5 mg/kg). 

Methods: Fifty-six (ASA Class 1 or 2) patients 
gave institutionally approved informed consent to 
the study and were assigned to one of seven 
subgroups. Premedication consisted of 0.1 mg/kg 
morphine I.M. and 0.2 mg/kg diazepam orally. In 
groups l to 5 anaesthesia was induced with fentanyl 
5 ug/kg and pentothal 5 mg/kg and ventilation was 
controlled with nitrous oxide and oxygen (4L:2L). 
Heart rate (by tachograph), EKG, intra-arterial 
blood pressure, and single twitch adductor response 
at the thumb were continuously recorded. After a 
stable baseline period, 0.8 mg/kg atracurium was 
administered over 5 sec to patients in groups 1 and 
5; over 30 sec to patients in group 2; and over 75 
seconds to patients in group 3. Patients in group 
4 received a priming dose oz 0.08 mg/kg followed 6 
minutes later by a bolus dose of 0.72 mg/kg. 
Patients in group 5 were pretreated with cimetidine 
4 mg/kg IV and chlorpheniramine 0.1 mg/kg IV 15 
minutes before induction. Maximum changes in mean 
arterial pressure and heart rate were recorded. 
Plasma samples for histamine levels were drawn 
before injection of atracurium and at 2 and 5 
minutes after injection. In groups 6 and 7, 
anaesthesia was induced with pentothal 5 mg/kg 
only. Group 6 patients received a priming dose of 
atracurium 0.08 mg/kg 5.5 minutes prior to 
induction followed by a bolus of 0.72 mg/kg 30 sec 
after induction. Patients in group 7 received a 
bolus of 0.8 mg/kg atracurium 30 seconds after 
induction. Patients in these two groups were 
intubated 90 seconds following this large dose of 
atracurium and  intubating conditions were 
classified as excellent, satisfactory, fair or poor 
(grades ]-4) according to the criteria of Lund and 
Stovner. 

Results: Cardiovascular effects (see Table 1). 
Patients in groups 1, 2, and 4 demonstrated a 
transient but significant reduction in mean 
arterial pressure following administration of 
atracurium. Pharmacodynamics (see Table 2). 

Data obtained previously under the same protocol 
but at a lower dose level (0.5 mg/kg) are displayed 
in brackets. 


Conclusion: 0.8 mg/kg atracurium produces a 
faster onset time than 0.5 mg/kg (p40.05). The 
intubating conditions are good to excellent at 90 
seconds and the intubation score is the same as 
that produced by 0.5 mg/kg at 150 seconds. Priming 
produces no significant improvement in onset times 
or intubating conditions at this dose. However, 
onset times under nitrous narcotic anaesthesia are 
significantly faster than under pentothal alone 
(p40.05). 

The transient reduction in mean arterial 
pressure and the significant rise in histamine 
levels (p<0.01) observed following a 5 second bolus 
can be attenuated by slowing the administration of 
atracurium to 75 seconds. Antihistamine 
pretreatment only offers partial haemodynamic 
protection whereas priming or a 30 second injection 
offers no protection at this dose level. 

References: 
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TABLE 1 CARDIOVASCULAR DATA 
Mean Values (SE's omitted for apace} 


Maxímum change expressed as 8 % of control 





MAP ER Histamine 
Group 1 
5 sec bolus 74. 6** 113.2 295 MAP » Mean Arte- 
Group 2 Tial Pressure 
30 sec bolus 77** 114.7 471 HR = Heart Rate 
Group 3 t-test 
75 sec bolus 95.7 102.6 118 * 0,05 Cp«D.2 
Group 4 an p«p.o05 
Prime 76%" 109.3 923 
Group 5 
B & B, blockers 83.34 189.9 1268 


TABLE 2 PRARMACODYNAMIC DATA 
Mean Values (SE's omitted for space) 


Onset. (mins) Recovery. (mins) Duration, (mins) 
End injection to 5-951 Injection to 95% 

Complete block Recovery 

Group 1 

5 pec bolus 1.82 (2.3) 20.8 (24) 70 (59) 

Group 3 I 

75 gec dose 1.71 24 69.7 

Group 4 

Prine 1.9 29.8 81.25 

Group 5 

E & H, 

prophylaxis 2.0 30.75 83.1 

Group 6 


Prime (pento- 

thal only) 3.0 

Group 7 

5 sec bolus 3.48 (4.6) 
(pentothal only) 


Ali data in brackets refers to 0.5 mg/kg Atracurium (n*10) 
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Introduction. The cardiovascular stability 
associated with metocurine (MTC) administration 
makes it suitable for use with patients at risk from 
myocardial ischemia. This study examines the kine- 
tics of MTC in patients scheduled for coronary artery 
bypass surgery, and assesses the adequacy of neuro- 
muscular blockade when MTC is administered according 
to & predetermined bolus and infusion regimen 
intended to maintain a plasma MTC concentration of 
0.63 ug/ml. 


Method. The 10 male patients who gave written 
informed consent to this institutionally-approved 
study did not have symptomatic or biochemical evi- 
dence of renal or hepatic disease. All were receiv- 
ing beta-adrenergic receptor-blocking drugs and 
nitrates. Following premedication with intramuscular 
morphine, 6-12 mg, anesthesia was induced with 
fentanyl, 0.15 to 0.5 ug, and was maintained with 
halothane, 0.5-1.5% in oxygen. Once anesthesia was 
deemed adequate, the ulnar nerve was stimulated 
supramaximally with four stimuli of 0.2 msec duration 
at 2Hz every 20 sec. Control values of the rectified 
integrated electromyogram (EMG) were obtained prior 
to MIC administration. Paralysis was calculated as 
depression of the first response compared with its 
control value. The dosage regimen for metocurine was 
a bolus of 0.3 mg/kg, given concurrently with the 
commencement of MTC infusion at .04 mg/kg/hr. Plasma 
samples from arterial blood were obtained at -5, 2, 5, 
10, 15, 20, 30, 45 and 60 min, and then at half-hour 
intervals during the infusion: the first 2 hours of 
the sampling schedule were recommenced in the post 
infusion period, continuing at 2, 4, 6, 8, and 12 hr. 
Additional samples were taken immediately before 
commencement of cardiopulmonary bypass (CPB), and at 
2, 5 and 10 min after. Aliquots of plasma and urine 
were stored at -40C for later determination of meto- 
curine concentrations, [MTC], by an HPLC technique. 
Intraoperative temperatures were measured by a therm- 
istor placed in the nasopharynx. 





Results. The pharmacokinetics of metocurine 
resembled those in a group of patients undergoing 
hip surgery (table 1). 


Table 1: Pharmacokinetics of metocurine, mean (SD) 





CPB group Control 
Volume of distribution, 
Clearance 
ml/kg/min 1.1(0.2) 1.2(0.2) 
Elimination half 
life, h 4.4(0.9) 4.0(0.8) 


À plot of the metocurine plasma concentration 
time data for all patients, showed a tendency to 
plateau during the first hour of the infusion. This 
curve was interrupted by the dilutional effect of 
initiating cardiopulmonary bypass (CPB). This period 
of reduced plasma concentrations seldom lasted more 
than 10 min and there was a plateau in metocurine 
plasma concentrations thereafter. The intensity of 
neuromuscular blockade lessened with the start of 
CPB, and decreased further to stabilize at 73(18)% 
paralysis during hypothermia. With rewarming, the 
plasma concentrations of MTC were unchanged, but 
neuromuscular blockade intensified, to return to 
values observed before CPB. (table 2) 


Table 2: Hypothermic CPB and metocurine 


Temperature, Paralysis [MTC] 
"C $ ug/ml 
Before CPB 36.1(0.4) 88(11) .79(.12) 
CPB * 10 min 32.3(2.4) 78(20) .62( .05) 
CPB + 45 min 29.8(0.4) 72(16) .65(.08) 
Rewarming 30.2(0.5) 73(18) .67( .06) 
CPB ends 36.6(0.8) 86(8) .67(.05) 
Infusion ends 36.5(0.5) 87(8) .67(.05) 


Discussion. The pharmacokinetics of MIC were 
affected minimally by hypothermic CPB. This differs 
from studies involving bolus and infusion studies of 
alcuronium? and tubocurarine ,3 in which the apparent 
volume of distribution was unchanged, but the elimi- 
nation half-life was prolonged and the plasma clear- 
ance markedly reduced. The changes in neuromuscular 
blockade with the onset of CPB could have been due 
to both dilution of its concentration in the body 
fluids and to cooling at the sites of neuromuscular 
transmission. The return to the original intensities 
of blockade with rewarming confirms that there is a 
decreased sensitivity to the effect of MTC at lower 
temperatures. 
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Introduction: Rebound arterial and pulmonary 
hypertension has been reported to occur following 
discontinuation of sodium nitroprusside CNP) - 
induced hypotension in animals and humans. t»2»3 The 
previous works attributed the mechanism of this 
undesirable side effects to the persistance of 
endogenous vasoconstrictors released as part of the 
normal response to hypotension, coupled with the 
rapid disappearance of SNP. Khambatta? has shown 
that plasma renin activity remains elevated for some 
time after halting SNP. However, the elevated 
renin-angiotension activity does not adequately 
explain venous or pulmonary artery hypertension. The 
author hypothesized that the rebound of venous and 
pulmonary artery pressure may be due to the central 
redistribution of blood volume and therefore, 
related to the levels of PCWP at the time of 
discontinuation of SNP. This study was designed to 
test this hypothesis. 

Methods: Twenty patients from the age of 13 to 
43, who underwent spine surgery with hypotensive 
anesthesia were studied with insititional approval. 
All patients were monitored with a triple-lumen flow 
directed catheter. The patients were divided into 
two groups by the degree of hydration during 
surgery. In group I (n-10), pulmonary capillary 
wedge pressure (PCWP) were maintained at the level 
between 6-8 mmHg during deliberate hypotension. In 
group II (n-10), PCWP were maintained at the level 
of 9-12 mmHg by intravenous fluid therapy. There 
were no differences between groups in age, blood 
loss, and anesthetic management. Anesthesia was 
induced with  sodium-thiopental 5 mg/kg and 
droperidol 0.1 mg/kg and maintained with fentany! 
(15-22 gug/kg), 67% nitrous oxide in oxygen and 
isoflurane 0.5-1%. Hypotension was induced by SNP 
and mean arterial pressure was maintained at 50-60 
mmHg with the adjustment of SNP dose between 2-8 
ug/kg:min. Blood loss were replaced ml to ml. 
Hemodynamic measurements were performed prior to 
induction (P), every 30 minutes during hypotension 
(H) 15 and 30 minutes after halting SNP infusion (DC 
15, DC 30), on arrival at recovery room (RR). 

Results: | (1) In group 1, mean pulmonary 
artery pressure (MPAP) peaked at DC30. In group 2, a 
significant increase occurred at DC15 and remained 
elevated at DC30 and RR, and differences between 
group 1 and 2 were significant (p«0.05). (2) 
Maximum increases of MPAP during 30 minutes period 
following SNP halt were correlated with the maximum 
increases of PCWP, (r=0.73, p<10-3) and CYP (r=0.71, 
pX1073) and not correlated with pulmonary vascular 
resistance index (PVRI) (r=0.36, p>0.05). 3) There 
were significant differences between the groups in 
MPAP, PCWP, CVP, and cardiac index (CI). (4) In 
group 2 patients, PCWP were higher than 18 mmHg in 7 
patients out of 10 and giant V-waves were observed 
in 7 out of 10 patients during the 30 minutes period 
following the SNP halt While in the group 1 
patients, PCWP exceeded 18 mmHg in 1 patient and 
giant V-waves were observed in only 1 patient during 
the recovery from hypotension. These incidences were 
significantly lower than in group 2 (p«0.05). 


(5) Increases of MPAP was not associated with the 
increases of the pulmonary artery diastolic 
pressure-PCWP differences. 

Discussion: Todd? reported that rebound 
pulmonary arterial hypertension was seen in the 
dogs given SNP. In their report, this increase of 
MPAP was related to the increase of PVRI. 
Contrary to their findings, we found that the 
increase of MPAP was not related to the changes in 
PVRI and the increase of MPAP, CVP and PCWP were 
parallel following the halt of SNP. The rebounding 
patterns of PMAP, PCWP, and CVP resemble that of 
fluid overload, and appearance of giant V-waves 
may suggest over-filling of the left atrium. Our 
observations support our hypothesis that central 
redistribution of blood volume from venous 
capacitance vessels is the main contributory 
factor of rebound pulmonary and venous pressures. 
References: l 
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Table 1 

A OOS O30 WR 

HR Gril 89 102 79a 76b  106cd 
Gr2 89 87* 66ab — 71ab ņ115abcd 


MAP Grl 87 564  102ab 1038b 1068b 
Gr2 91 554 98b 102b 107b 


MPAP Gri 14 13 17b 198b ab 
Gr2 16 16 20ab 22*ab 23*ab 
PCWP Gri 10 7 118 12 9 
Gr2 2 4q* 16*ab 1g*ab ņ15*abd 
CYP Gri 7 6 ioab = ygab gab 
Gr2 9* 9* 13*ab 14ab = gab 


CI Gril 3. 2.94  2,.78b 2,748 4,3*bed 
Gr2 3.7 3.3 2.8 2.98 5,6 abcd 
SYRI Grl 1823 1426 28373b 2929ab 1g77Cd 
Gr2 1808 11548  24983b 2497ab 1517cd 
PYRI Grl 110 165 188 2062 179 
Gr2 103 122 134* 130 119 


Values are means. * p<0.05 between the groups; a, 
p<0.05 as compared to C; b, p<0.05 as compared to 
hypo; c, p«0.05 as compared to DC15; d, p<0.05 as 
compared to DC30. Abbreviations used are: Grl, 
Group 1, Gr 2, Group 2, HR, heart rate 
(beats/min); MAP, mean arterial pressure (mmHg); 
MPAP (mmHg); PCWP (mmHg); CVP (mmHg); CI 
(1/min:m?); SVRI, systemic vascular resistance 
index (dynes.sec./cm9-m2); PVRI, pulmonary 
vascular resistance index (dynes.sec/cm?-m?). 
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Introduction. Preterm labor and delivery 
constitute major problems in obstetrics. The 
first line tocolytic agents are often beta 
adrenergic agonists. Ritodrine hydrochloride 
is the only such drug approved for use in 
the United States(1). Despite appropríate 
use of tocolytic therapy, some preterm 
deliveries are unavoidable, and cesarean 
section is often the mode of delivery. The 
interactions of beta-agonist tocolytics with 
anesthetic agents pose potential problems 
for anesthetic management(2). In addition, 
parenteral administration of ritodrine has 
been associated with a number of cardio- 
vascular complications of mothers(3). This 
report details the experience of the anesth- 
etic management of cesarean section in 
patients who received intravenous ritodrine 
to arrest preterm labor. 


Method. Twenty patients who had under- 
gone a cesarean section following failure to 
arrest preterm labor with intravenous 
rítodrine therapy were reviewed and analyz- 
ed. Maternal heart rate, blood pressure and 
serum potassium level before ritodrine 
infusion, during ritodrine infusion, upon 
discontinuation of the infusion, and on 
induction of anesthesia were reviewed and 
analyzed as an index of beta adrenergic 
activity of the drug. Cardiovascular compli- 
cations of mothers in epidural and general 
anesthesia groups were compared with regard 
to the time elapsed from the discontinuation 
of ritodrine infusion to induction of anes- 
thesia. Epidural anesthesia was performed 
using 0.5% bupivacaine, and general anesth- 
esia consisted of thiopenthal induction, 
endotracheal intubation with succinylcholine 
and maintenance with oxygen-enflurane(0.75- 
1.02) until delivery of infant. 


Results. The eleven patients given 
epidural anesthesía and nine patients given 
general anesthesia were comparable in age, 
gestational age and infusion rate of rito- 
drine. Mean maternal heart rate on discont- 
inuation of the drug was 128*z12 bpm, and it 
took 30 to 60 minutes to show a significant 
decrease in heart rate (table 1). Serum 
potassium level showed a moderate decrease 
during ritodrine infusion (from 3.7 to 3.2 
mEq/L) and returned to preinfusion level in 
30 to 60 minutes after discontinuation of 
the drug infusion. One ventricular arrhyth- 
mia and three hypotensive episodes were 
observed in the epidural anesthesia group. 
No anesthetic complications were noted in 
the general anesthesia group. 2 out of 3 
maternal hypotensive episodes under epidural 
anesthesia developed in patients induced 
within 30 minutes following the discontinua- 
tion of ritodrine infusion(table 2). 


Conclusion. Significant residual beta- 
mimetic effects of ritodrine, maternal 
tachycardia and hypokalemia, persisted 
longer than 30 minutes after discontinuation 
of the drug, and the incidence of maternal 
hypotension under epidural anesthesia was 
higher in patients induced within 30 minutes 
following discontinuation of the drug. 

Based on our findings, we recommend that 
anesthesia be deferred at least 30 minutes 
following discontinuation of ritodrine in 
order to minimize the drug interactions with 
anesthetics and subsequent complications 
provided that such a delay does not 
jeopardize the fetus. 
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Table 1. Maternal heart rate and blood 
pressure changes after ritodrine infusion 


Heart Systolic Diastolic 
Rate Pressure Pressure 
(bpm) (mmHg) (nmHg) 
Before 9528 121516 74413 
Ritodrine 
On Discont. 1284127 110221 49+137 
Ritodrine , 
30 min. 12215? 130421 552138 
After discont. b b 
30- 60 min. 11742? 112419 655132? 
After discont. b b 
60 min. 104+#11 117414 73412 


After discont. 


SP«0.01 compared with Before Ritodrine 
p*0.01 compared with On discont. Ritodrine 


Table 2. Time of induction after ritodrine 


and complications of anesthesia 


Time of 

induction * 30 min. 30-60 min. ? 60 min. 

Ànesthesia Epi. Gen. Epi. Gen. Epi. Gen. 
N-3 N=2 N=2  N-2 N26 N=5 

Hypotension 2 0 0 0 1 0 

Ventricular 1 0 0 0 0 0 


arrhythmia 
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Introduction The intraoperative monitoring of 
somatosensory evoked potentials (SEP) is gaining 
increasing favor in surgery in which the central 
nervous system (CNS) is at risk of compromise(1), 
including neurosurgical, orthopedic, vascular, and 
cardiac procedures, In cardiac surgery, systemic 
hypothermia is often induced during cardiopulmonary 
bypass (CPB); hypothermia is known to be associated 
with a prolongation in SEP latency(2), but a 
similar effect may also result from reductions in 
cerebral perfusion. In order for SEP monitoring to 
fulfill a useful role as an indicator of cerebral 
hypoperfusion during cardiac surgery, one must be 
able to reliably distinguish between these events. 
The purpose of this study was to assess the effects 
of changes in body temperature, mean systemic 
arterial pressure (MAP) and CPB flow on SEP latency 
in order to determine if a reliable relationship 
between these variables and their effects could be 
established. We wished to examine the effects on 
both the peripheral and central nervous systems, 
since increases in central peak latency may in part 
be due to increased peripheral conduction time, 


Methods With informed consent, electrodes for 
monitoring SEPs were placed prior to induction of 
anesthesia in 21 patients undergoing coronary 
artery bypass surgery. Stimulating electrodes, (a 
pair of pediatric sized ECG electrodes), were 
placed over the median nerve at the left wrist; 
sensing electrodes were placed over the ipsilateral 
Erb's point and over the contralateral parietal 
cortex; a forehead lead was used for reference and 
a forearm plate for ground. The median nerve was 
stimulated with 0.2 msec. square wave impulses at a 
rate of 5.7 Hz for a total of 256 repetitions; the 
intensity of the voltage output was adjusted to 
motor threshold. Evoked responses were computed 
and printed out on a Neurotrack system, prior to 
and following induction of anesthesia, and at 
regular intervals throughout the procedure, with 
special attention being paid to the cooling and 
rewarming phases, and to flow reductions while on 
total CPB. Fentanyl, in an induction dose of 50 to 
75 meg/kg, followed by 0.5 mcg/kg/min until the 
patient was rewarmed on CPB was used for anesthesia 
in conjunction with pancuronium and 100% oxygen. 
Data was analyzed by linear regression, t-tests, 
and analysis of variance; a p level of <0.01 was 
regarded as significant, 


Results We performed satisfactory analysis on 
data from 16 patients out of the 21 studied, 5 
patients being omitted because of technical prob- 
lems with data collection. Separate analyses of 
cooling and rewarming phases showed no significant 
differences between them. A linear correlation was 
found between temperature and both peripheral and 
central SEP latencies, The figure depicts the 
means of latency to Erb's point (representing 
peripheral conduction), and the interval latency 
between Erb's point and the first cortical peak 


(representing central conduction). There was a much 
weaker correlation between MAP and SEP peak 
latency, both central and peripheral. Induction of 
anesthesia was associated with significant 
prolongation of the first cortical peak latency; 
however, there was also a significant concommitant 
decrease in body temperature, which might account 
for part of the Latency prolongation. There were 
no significant changes in latency with the onset of 
CPB, with flow reductions to one half of baseline 
for up to 5 minutes during hypothermic CPB, or with 
weaning from CPB.  Lateucies of both central and 
peripheral SEP peaks returned to baseline following 
rewarming and termination of CPB. No patient 
demonstrated gross neurological deficits 
postoperatively. 


Discussion Our data demonstrates that hypo- . 
thermia increases the latency of both peripheral 
and central SEP peaks in a linear fashion. The 
diagram shows a greater slope for latency vs temper- 
ature for central conduction than peripheral, 
suggesting that the former is more susceptible to 
the effects of hypothermia than the latter, It also 
implies that part of the increase in latency of 
central peaks with hypothermia must be due to 
increases in peripheral conduction times, The lack 
of change associated with flow reductions and MAP 
decreases during hypothermic CPB may be due to 
cerebral protective effects of hypothermia although 
it should be noted that no corrections in pump flow 
for temperature decreases were made. The return of 
latencies to baseline upou rewarming and the lack 
of any gross neurological deficits  postoperatively 
emphasizes the likelihood that the changes observed 
were due to temperature alterations.  SEPs may 
potentially be a useful non-invasive monitor of the 
CNS during CPB, in which increases in SEP latency 
unaccounted for by changes in temperature may be 
indicative of cerebral ischemia. 
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Introduction. A recent review of the action of 
nondepolarizing muscle relaxants in the elderly pointed out 
that the effect of most of the relaxants is prolonged (I). 
Thus it is of vital importance to determine in elderly 
patients the distribution, elimination and actions of the 
drugs used to reverse the effects of muscle relaxants. In 
this study edrophonium was employed to reverse a steady- 
state neuromuscular blockade and differences between 
elderly and younger patients was assessed. 

Methods. Five elderly patients (ages 76-87) and five 
younger patients (ages 27-49) scheduled to undergo 
elective craniotomy were studied after obtaining 
institutional approval and informed consent. All patients 
had normal renal and cardiac function and were receiving 
no medications known to interact with muscle relaxants. 
Anesthesia was induced with thiopental, and tracheal 
intubation was facilitated with succinylcholine (Sch). 
Anesthesia was maintained with N 30:0 (60:40%) in 
addition to | MAC halothane, the inspired concentration 
adjusted for age. Mechanical ventilation maintained 
moderate hyperventilation (PaCO», 25-35 torr) and 
esophageal temperatures were maintained at 35.5. 
36.8°C. Neuromuscular transmission was assessed 
employing a force displacement transducer to determine 
twitch height of the adductor of the thumb in response to 
supramaximal stimulation of the ulnar nerve. Responses to 
single stimuli of 0.15 ms duration delivered at a frequency 
of 0.1 Hz were recorded. After return of twitch height to 
normal, a bolus of 0.1 mg/kg of metocurine was given, 
followed by a continuous infusion of metocurine to achieve 
90% paralysis. After at least 30 min of observation, to 
ensure a constant twitch height, a bolus of atropine (0.02 
mg/kg) was given iv followed by edrophonium (| mg/kg), 
the infusion of metocurine remaining constant. 
Heparinized blood samples were drawn from an arterial 
catheter at !, 3, 5, 10, 20, 30, 45, 60 min, and 1.5, 2, 2.5, 
3, 3.5 and 4 hr. Plasma was separated and frozen until 
assayed by high performance liquid chromatography 
(HPLC), sensitivity 10 ng/ml. 

Plasma concentration-time curves were fitted by using 
weighted least squares nonlinear regression. 
Pharmacokinetic parameters were determined using a 
method for bolus iv injection of a drug. Following 
injection of edrophonium, the following times of recovery 


younger group C = | 1.5e-0-98t + 0.81 e 01 ^t where C is 
pg/ml and t is min. The pharmacokinetic data are 
presented in Table |. Response times for the two groups 
are presented in Table 2. There is no significant 
difference between the log plasma concentration-response 
data for either group. 

Discussion. The data demonstrate a prolonged 
elimination half-life and decreased Clp of edrophonium in 
the elderly group. This conforms to the observation that 
approximately 70% of edrophonium is excreted renally (2) 
and that both glomerular filtration rate and tubular 
excretory capacity declines predictably in old age (3). 
Given the fact that there is no difference between the log 
plasma concentration-response data for both groups and 
the above pharmacokinetic differences, one might expect 
an increase in duration of response to edrophonium in the 
elderly. Our data do not bear this out. 

Cronnelly, in a dose-response study of edrophonium has 
also reported that the duration of antagonism of 
neuromuscular blockade was not different in elderly 
patients compared with younger patients (4). In the same 
study he noted that increasing the dose of edrophonium 
from 0.125 to 0.5 mg/kg did not prolong the duration of 
antagonism in either group. In this study, employing a 
larger dose of edrophonium (1 mg/kg), although we found 
no difference in duration of antagonism between elderly 
and younger controls, the total duration of antagonism in 
min was approximately twice that reported by Cronnelly. 
In addition, we found no difference in onset of action 
between the two groups. These differences may be due to 
the larger dose of edrophonium employed in this study. 
Nonetheless, in this study and that of Cronnelly, age 
apparently has no effect on the duration of action of 
edrophonium. The explanation for this observation is not 
clear. 

Supported in part by NIH Grant GM-26745. 
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from neuromuscular blockade were recorded: start of 
recovery, 50% recovery, maximum recovery and duration 
of maximal response. As response to edrophonium 


Table 1. Pharmacokinetic Parameters (Mean + SD) 


Young, n=5 Elderly, n-5 


diminished, additional samples were drawn if any 27-49 yrs 76-87 yrs P 
significant change in response was observed that fell tz elim (min 53.8 * 16 85.0 + 19  «.025 
between kinetic sampling times. ^ The log plasma Clp (ml-kg min 1) 13.3 4 5 512] <.005 
concentration-response curves were constructed for the Vi (1/kg) 0.19 + 0.17 0.041 + .006 NS 
linear portion of the plasma concentration-response curve Vdarea (1/kg) 1.07 4 0.6 0.6 + 0.1 NS 


between 20 and 80% paralysis for each patient and the 


concentration of edrophonium at 80, 50 and 20% paralysis Table 2. Response Times (Min, Mean + SD) 
the " 1 = 


was calculated. Comparisons between Young, n=5 Elderly, n=5 


pharmacokinetic and pharmacodynamic parameters were JO: S 

made by applying Student's t-test for unpaired data (two- Tina. to eB yos Ip: yrs à 

tailed). ` S 
Results. Plasma decay curves for edrophonium in both DUET ic pupae ee S N 

groups are best described by a biexponential equation. Maximum Response 1.2 + 0.6 2.4 € 1.2 NS 

Nu MAU dep A Time to 50% Response 113.6 80 116.5% 46 NS 


equation C - 23.8e- + 1.36e- 
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Introduction 

Acute increases in right ventricular afterload 
result in right ventricular decompensation, 
Application of the aortic cross clamp may be 
associated with changes in both right and left 
ventricular performance. Left ventricular 
decompensation is most likely to occur during aortic 
reconstructive surgery with application and release 
of the aortic cross-clamp (XC). However, the 
response of right ventricle has not been documented 
during these periods. Therefore, we designed a 
study to evaluate right and left ventricular 
function during abdominal aortic surgery. 


Methods 

With approval of the Human Investigation 
Committee, ten patients (n=10) (mean age = 65 years) 
scheduled to undergo routine abdominal aortic 
surgery with cross-clamping were evaluated. Ninety 
minutes prior to arrival in the operating room, 
patients were  premedicated with intramuscular 
morphine 0. 1mg/kg and scopolamine 0.4mg. 
Intravenous and arterial catheters were placed 
percutaneously under local anesthesia. Induction 
was accomplished with  fentanyl (30 ug/kg), and 
pancuronium (0.1 mg/kg) was used to provide muscle 
relaxation. For maintenance of anesthesia, 
isoflurane was titrated as clinically indicated. 
Ventilation was maintained using an FIO» = 0.5. 

Hemodynamic measurements were recorded at the 
following designated intervals: baseline 
(pre-induction), post-surgical incision, immediately 
prior to XC application, one minute post XC 
application, ten minutes post XC application, 
immediately prior to initial release of XC, one 
minute after initial release of XC, immediately 
prior to final XC release, one minute after final XC 
release and at abdominal closure. Measurements 
obtained at end exhalation included: heart rate 
(HR), blood pressure (BP), right atrial pressure 
(RAP), right ventricular end diastolic pressure 
(RVEDP), mean pulmonary artery pressure (PAP), 
pulmonary capillary wedge pressure (PCWP), cardiac 
output (CO) and right ventricular ejection fraction 
(RVEF). | RVEF (normal = 40%) was computed using 
diastolic plateaus of a thermodilution CO curve 
obtained with a rapid response thermistor Swan Ganz 
catheter. 2 

Data are expressed as mean + SD. Analysis of 
variance and coefficient of correlation tests were 
used for data analysis with p < 0.05 considered 
Significant. 


Results 

One hundred (n=100) hemodynamic profiles were 
obtained from ten patients (n=10). No significant 
alteration in right ventricular function was 
observed in our series of patients during surgery or 
at times of aortic XC application or release. The 
baseline RVEDP = 9 + 2 mmHg did not significantly 
{p=NS) increase following application of the aortic 
cross clamp (Table I). Similarly, the baseline RVEF 


3 + 3% remained h d th hout the 
chia m period. E Merl ee. (pe a proughaut the 


significant alteration in left ventricular function, 
as assessed via PCWP, CO, or PAP, could be detected 
during or following the period of aortic cross 
clamping (Table II). 


Discussion 

Left ventricular dysfunction during aortic 
surgery occurs  J primarily X in patients with 
pre-existing coronary artery disease and is common 
during the periods of aortic cross-clamping and at 
its release.3 The data of our study, however, 
indicates that, even in patients with clinically 
significant cardiovascular disease, a reduction in 
RV performance, as evidenced by changes in RVEDP or 
RVEF is not a universal event. We have observed 
that in those patients in whom LY performance is 
unaltered by XC application, right ventricular 
performance also remains unchanged. In conclusion, 
it appears that alterations in right ventricular 
function are unlikely to occur during aortic surgery 
without evidence of simultaneous left ventricular 
dysfunction. 
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TABLE I 
RIGHT VENTRICULAR HEMODYNAMIC DATA 
(n=10) 
Mean + SD 
RVEF — RVEDP — PAP 
mmH mmH 
Pre-ind. 33 +3 942 1842 
Pre XC appl. 32*4 1073 1742 
1 min post-XC appl. 3443 8+2 1743 
1 min post XC release 32 +3 7+3 18 +3 
Imned. prior to XC release 3444 7+2 1*3 
Abdominal closure 3443 8*2 1742 
TABLE II 
LEFT VENTRICULAR HEMODYNAMIC DATA 
(n=10) 
Mean + SD 
HR BP CO PCWP 
LL —íb/min) (mmHg) (L/min) (mmHg) 
Pre-ind. 6443 8945 642 14-42 
Pre XC appl. 62*2 84+3 6*3 1312 
] min post-XC appl. 66 +3 8244 642 1343 
| min post XC release 71 * 2 85*3 6*2 1542 
Immed. prior to XC 
release 75 44 84+4 643 15 4*2 
Abdominal closure 72 ¥3 85*4 6*2 14 ¥ 3 
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Introduction 

Failure of effective ventilation occurs if 
double-lumen  endobronchial tubes (DLT) are 
malpositioned. Clinicians using DLTs have, in the 
past, relied solely on physical examination to 
confirm accurate placement. Recently, however, 
fiberoptic endascopes have been used witk 
increasing frequency, either to place the tube 


Table 1: Abnormal findings on bronchoscopy (n = 23) 


No. of patients % 





Herniation of bronchial l 

cuff over carina 4 17 
Bronchial cuff not visualized 6 27 
Narrowing of bronchial 


under direct vision or to check the position once f 

the tube has been passed (1,2). We have designed a nee Dr : 
study to determine whether DLTs placed using References 

clinical signs are in a satisfactory position when T. Shninnick JP et at. Bronchofiberscopic 


checked at subsequent bronchoscopy. placement of a double lumen  endobronchia]l 


tube. Crit Care Med, 10, 544, 1982. 


"Methods 
ÁÁPI : . 2. Benumof JL. Annual Refresher Course Lectures. 
With approval of the Human Investigation American Society of Anesthesiologists, 214, 
Committee, 23 patients (mean age = 55 years) 1984 
undergoing elective thoracotomy which required the. 3. Burton NA et al Advantages of a new 


use of DLTs were studied. Anesthesia was induced lvvinv| chloride double-lumen tube in 
with sodium pentothal (4-6 mg/kg) and muscle Asi ARA 

relaxation obtained with  succinylcholine (l1 thoracic surgery. Ann Thor Surg, 36, 78, 1981. 

mg/kg). Following insertion of an appropriately 
sized polyvinyl DLT, the tracheal and bronchial 
cuffs were inflated. The ability to isolate each 
jung was then checked by alternatively clamping the 
tracheal and bronchial limbs and noting the 
presence or absence of chest movement in three 
areas of each hemithorax - apical, anterior and 
axillary. Similarly, auscultation was performed 
over these areas. Fiberoptic bronchoscopy (Machida 
ENT 4L-50) was then performed to check whether 
bronchoscopic findings confirmed clinical 
impressions of successful positioning. The ratio 
of correct positioning of the tube using clinical 
Signs compared to the ratio of correct positioning 
with the tube using bronchoscopy was examined using 
the 95% confidence interval. 





Fig. 1. View through endoscope showing correct 


Results position of bronchial cuff. 


Nine patients underwent right thoracotomy and 
14 patients a left thoracotomy. Twenty-two 
patients received a left sided DLT. In all cases, 
selective isolation of each lung was possible, and, 
using clinical signs, each DLT was considered to be 
accurately placed. However, in 11 patients (48%) 
bronchoscopy revealed the DLT to be in an 
unsatisfactory position (confidence interval 
28%-68% at p < 0.05). Bronchoscopic abnormalities 
are described in Table 1 and bronchoscopic views 
shown in figures 1 and 2. 


Discussion 

Burton et al. (3) have reported a low incidence 
of problems using PVC DLTs. However, in their 
Study, bronchoscopy was not used to confirm correct 
positioning. Our bronchoscopic observations reveal 
that only 52% of DLTs are optimally placed using 
clinical criteria. In two cases (8%), malplacement 
resulted in ventilatory abnormalities. We suggest Fig. 2. View through endoscope showing 
that fiberoptic bronchoscopy be used routinely to herniation of bronchial cuff over carina. 


accurately confirm the position of DLTs. 
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Introduction. We previously compared the EEG. 
produced by high-dose fentanyl (F) or sufentanil (S) 


anesthesia, concluding that these agente markedly 400 BeAr ai wes 
and characteristically alter the EEG, that the FENTANYL oe 
changes with F and S are similar, and that these . soo} Y ALFENTANIL eme 
changes should be useful for monitoring of narcotic rh gi 

anesthesia (1). The present study copar F and § oe 

with another narcotic agent, alfentanil (A). e 


Methods. The protocol was approved by the , 
appropriate institutional heman research committees, 
and written informed consent was obtained from each 
patient. F (58 mcg/kg) or S (9.1 neg (Ke) was given o 
over the course of 5-I0 min while A (150 mcg/kg) was 
given in l min. The only other agents used were EVENTS 
oxygen, pancuronium, and metocurine. For the EEG we . 
used 6 gold-cuPPed EEG electrodes on each patient; 2 Figure 1. The EEG response to A, F, or S as demon- 
each in the FPi-0l and FP2-02 positions and 2 as strated by TNW. 
indifferent electrodes. The EEG was analyzed by 
aperiodic analysis (Neurometrics Monitor), and 60 


during sequential 30- or 60-sec epochs, total number En a 
of waves TNW , total ower at l Z (TP1), 50 ALFENTANIL oe 
cumulative 4 power at 3 Hz (CP3), and the frequency us 
at a cumulative power of 90% (F90) were extracted 
(1). We performed analysis of variance and used the 30 
Bonferroni inequality for t-tests on the difference UN 
among peak values for the three opiate agents. un 
Results. Figures 1-4 compare the EEGs of F and S lob & 


with that of A on an event scale. (C = control, OA 
= oral airway, F = Foley, L&S = taryngos copy and Oe 06A F Lasiet LI SI SAW SP 
spray, L&T = laryngoscopy and intubation, = leg EVENTS 

incision, SI = sternal incision, SAW = sternal saw, 





C OA F LaSLaY Li SI SAW SP 


TPI (x103)) 


CP3 





SP = sternal split.) The ZEGs are directionally I 
similar, but tended to be different in magnitude and Figure 2. The EEG response to A, F, or S as demon- 
strikingly different in time course. A always strated by TP]. 
showed greater maxima or minima than the other two 
agents, although occasionally the difference from 
the other two agents was small and/or not "m 
significant. anges with A, as with F and 8, 
tended to be more marked in the lower frequency E 
range. Thus, the major A~induced changes were seen 
with TPl and CP3, both of which increased SUENTANIL wa 
considerably. 1 FENTANYL ^ e— 
Discussion. The EEGs of the 3 fentanyl analogs M ALFENTANIL +- 
were similar in parteru, although the peaks with 1 
alfentanil tended to be higher and the time course 
considerably faster, particularly on emergence. The 
qualitative EEG similarity among the fentanyl C OA F ioSieS LI Si Saw SP 
analogs suggested by these 4 variables is also seen EVENTS 
in the greater detail of the color display on the 
Neurometrics or Lifescan EEG monitors. Two reasons . 
could account for the greater changes with A: we Figure 3. The EEG response to A, F, or S as demon- 
gave relatively more A and injected that agent more strated by CP3. 
rapidly. Under similar conditions, a more rapid 
injection would be expected to yield rester changes 
in plasma levels and tissue levels. egarding the A 
former, the potency ratio for F/A is 4.0-4.2 and for i socie gh 
S/A, 20.8-25.7, while the respective dose ratios i pli NAE 
that we used were 2.6 for F/A and 16.5 for S/A. zo} : 
This supgeate, that we did indeed give relatively 9 
more À than either of the cther two agents. Without m 
concomitant brain levels, we can only speculate on 10 
whether the EEG reflects "depth of anesthesia" with 
opiates, The present results do strengthen the 
impression that the EEG at least qualitatively o 
tracks brain concentrations of the opiates. VON E EE ATES aa er 
Reference ] EVENTS 
Wi Smith por IRE es E, Lu Mn T P 
estover » Quinn ein F, Davis : Figure 4, The EEG response to A, F, or S as demon- 
Anesth Analg é3: 386-03, 1984. strated by F90. : T 
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Introduction: We compared the EEG effects of 


thiopenta with the new, rapidly acting narcotic di 
alfentanil (A) following a single injection for the 
induction of anesthesia. A computerized technique, 166 


aperiodic analysis (1), quantified the EEG. 1 NEHA € 
Methods: The rotocol was approved by both 
University and Hospital Human Research Committees, 







x 
and informed, written consent was obtained from each E 
patient. In a randomized, double-blind deai ga we 80 ee 
assigned 36 male patients into four groups o § GEEN TA ous 
each. Group I received 25 mcg/kg pancuronium 40 A vs. T Absolute -sp«O.25 


followed in 2 min by A 150 meg/kg and immediately by 
succinylcholine 1.5 mg/kg, while Group II received 
100 mcg/kg pancuronium followed immediately by A. 0776 5 16 15 
Groups III and IV were similar to I and II . TIME (min) 
respectively, EXCEpE that 4.0 mg/kg T was given. In 

all groups, the induction agent was administered 
over a one-minute interval. We continuously 
recorded FPl-0l and FP2-02 EEG leads into an analog Figure l. The EEG Eceponee to A or T as demonstrated 
tape recorder, before and for 90 min following by the total number of waves (TNW). 

induction. The EEG tape was played back into an 
aperiodie analyzer (Neurometrics EEG Monitor) and 
t 


4 vs. Control e«p«0.05 






ence onto a floppy disk. From this we derived 30- 20 soni adr iti 
sec epochs for 15 min following induction, each A vs. T Absolute«sp«(.O5 
epoch containing 153 variables, from which we 2 à vs. Controteep<0.05 


selected 4 and created 3: the total number of waves 
(TNW), total power at 1 Hz (TP1), total power at 4 
Hz, (£P4), cumulative power at 3 Hg (CP3), TP10-12, 
average power at 17-19 Hz (AP]7-19 and an "edge 
track" - the fre uenc below which 907 of the power 
resides (F90) t1). e used analysis of variance and 
the Bonferroni inequality, with P 0.05 defined as 
borderline significance. 

Results: We combined the muscle relaxant groups, 


TP1 (mev)? x 10* 


so that the results reprenent 18 patients for A and 0—$ 5 1o i5 
3 for T. Every variable was affected ornsticaliy TIME (min) 
differently by the 2 agents. The results from 4 o . 
the variables are shown in the figures. There were Figure 2. The EEG response to A or T as demonstrated 
both quantitative and directional differences in the by the total power at 1 Hz (TP1). 


EEG responses to the two agents. . . 
Discussion: All of the variables, including the 


| ALFENTANIL «— 
ones not shown, illustrate several points, 7 A toe THIOPENTAL == 
tended to be slower in onset and to last longer than VETTER. Ave. T Absolute -*p«CO5 
T. 2. Both agents produce impressive changes in the 80 PR, QveControle*p-005 
EEG. 3. The EEG changes are different, and the Sir) 
differences are quantifiable. 4. T produces a | gale. ae NT 
biphasic response in the EEG, with respect to time. m . 

3. A produces a monophasic response, with the time 3 i 

constants varying considerably from variable to 40rNA A, ae ee Dnm 
variable. 6. As a corollary of #5, if one wishes to " thi 

relate a quantitative EEG to serum or brain levels 20 it 


of A, one should choose the variables carefully 
before concluding that no relationship exists. 
7. Low-frequency variables are more useful for omes 5 io" i5 
assessing anesthetic depth with A, while higher TIME (min) 
frequency variables are more useful with T, 8. Some . 

variables, such as CP3, which increases duisi and Figure 3. The EEG response to A or T as demonstrated 
returns to baseline relatively slowly, should be by the cumulative power at 3 Hz (CP3). 


useful to estimate the depth of anesthesia during 


low-dose A. Others, such às TPl, which rises more ALFENTANIL o+ 
Slowly but returns more es ee to baseline, should THIOPENTAL =~ 
be useful mainly for high-dose A. This last point 25 ] Arat Absoluta **p«O.05 






corroborates the conclusions drawn previously with vs. Control s=peO.05 


fentanyl and sufentanil, using the same type of 


analysis (1). . . 

Reference l. Smith N Ty, Dec-Silver H, Sanford TJ, 
Westover ; Quinn, ML, Klein F, Davis DA: EEGs 
during high-dose fentanyl-, sufentanil-, or mor- 
phine-oxygen anesthesia. Anesth Analg 53:386-393. 


T 


TP 10-12 Hz (x10*) 


TIME (min) 


Figure 4. The EEG response to A or T as demonstrated 
by the total power at 10-12 Hz (TP10-12). 
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Introduction: 

Pulmonary aspiration of gastric contents remains 
a major hazard for anesthetized patients. 26% 
of anesthesia related mortality in pediatric patients 
has been attributed to aspiration of vomitus.+ 
A pH below 2.5 and gastric volume in excess of 
0.4 mg/kg are observed more frequently in children 
than adults. These are the limiting values for 
development of severe pneumonia after aspiration 
of gastric contents.2 Oral cimetidine (10 mg/kg) 
given one to three hours prior to induction of 
anesthesia is effective in reducing both the acidity 
and the volume of gastric contents. Recently, 
an oral nonparticulate antacid 0.3 M sodium citrate 
has gained popularity for aspiration prophylaxis. 
This study was done to assess the effectiveness 
of oral 0.3 M sodium citrate as compared to oral 
cimetidine in pediatric patients. 


Methods: 

The study was approved by the Institutional 
Review Board. Sixty ASA Class I patients between 
the ages 6 months to five years were randomly 
selected from elective operative schedule. Their 
weights were recorded. No preoperative medication 
was given. The study was double blinded and was 
divided into three groups of 20 subjects each. 

Group I (control): Received no medication. 
Received 0.4 ml/kg 0.3 
M sođium citrate orally 
30 minutes prior to induction 
of anesthesia. Sodium 
citrate was supplied by 
hospital pharmacist. 


Group II (citrate): 


Group III (cimetidine): Received 10 mg/kg of cimeti- 
dine orally sixty minutes 
prior to induction of anes- 
thesia. 


All children were anesthetized with inhalation 
induction. Choice of anesthetic was left to the 
anesthesiologist doing the case.  Intravenous access 
was obtained. Appropriate dosages of atropine 
and succinylcholine were administered intravenously 
for endotracheal intubation. An orogastric tube 
was passed. Its position was confirmed by air 
insufflation and auscultation of left hypochondrium. 
Gastric contents were aspirated by pressing on 
the abdomen and following head down position. The 
pH of gastric contents was measured by Fisher digital 
pH meter and Fisher glass electrode. Volume of 
gastric contents was measured but not included 
in the study because of varied amounts of oral 
medication administered. The results were recorded 
and the data was analyzed using Dunnett's test. 
Ap < 0.05 was considered significant. 


Results: 

There were 23 female and 37 male children. 
Mean age was 3.67 + 0.09 years. Mean weight was 
16.7 + 0.02 kgm. Mean rH and standard deviations 
for three groups are shown in table 1. 


TABLE 1 
GROUP N MEAN GASTRIC PH S.D. 
CONTROL 18 2.15 1.16 
CITRATE 20 5.26 1.68 
CIMETIDINE l6 3.71 1.87 


No sample could be aspirated in 2 patients 
in the control group and 4 patients in the 
cimetidine group. 90% of the control patients 
had a pH < 2.5, whereas only 5% in the citrate 
group and 25% in the cimetidine group had a pH 
< 2.5. Mean of the citrate group differs by 3.1 
pH units from control and this is significant 
(p < 0.001). Mean of the cimetidine group differs 
by 1.56 pH units from the control (p < 0.05). 


Discussion: 

This study shows that sodium citrate is an 
effective oral antacid in pediatric patients. 
Stress and emotional upset increase gastric acid 
production. Risk of ‘aspiration is theoretically 
present in all age groups with children being 
at the greatest risk. Gastric volume and acidity 
are also higher but decline as the age advances. 
Special risk factors in pediatric anesthesia are 
short esophagus, frequent gastric air insufflation 
and dilatation, mask induction and  uncuffed 
endotracheal tubes. Cimetidine is effective in 
an oral dose of 10 mg/kg. But this has to be 
administered one to three hours prior to induction 
of anesthesia.? Conversely, oral sodium citrate 
raises the gastric fluid pH within 30 minutes. 
Cimetidine has certain drug interactions unlike 
sodium citrate. This holds special reference 
for pediatric population undergoing emergency 
Surgery. We feel that 0.3 M sodium citrate alone 
is sufficient to alter gastric pH. 
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Introduction: Atracurium bresylate (ATR) is a new 
intermediate acting non-depolarizing muscle relax- 
ant. While it has been extensively investigated, 
we are aware of no study testing its efficacy in 
attenuating postoperative myalgias (POM) after suc- 
cinyleholine (SDC) administration. The following 
study was designed to compare ATR and d-Tubocurare 
(DTC) given prior to SDC for intubation and to cor- 
relate the occurrence of outpatient POM, and fascie- 
ulations. 

Methods: After approval by the Human Researoh Sub- 
jects Committee, forty-four ASA Class I or II fe- 
males with ages ranging from sixteen to fifty who 
were undergoing outpatient laparoscopy were select- 
ed. The patients were free from neuromuscular, 
hepatic, cardiovascular and renal disease. There 
were no apparent anatomic abnormalities which would 
contribute to difficult endotracheal intubation. 
The subjects were assigned to three groups: Group 1 
received 0.025 mg/kg ATR: Group 2 received 0.05 
mg/kg DTC and Group 3 received saline (NS) ina 
double blind manner. Pentothal Sodium was admin- 
istered at 1 minute 45 seconds after pretreatment 
in doses to allow control of ventilation. The ul- 
nar nerve was stimulated with impulses of 0.2 msec. 
duration and supramaximal amplitude at 1 Hz after 
induction and the resultant thumb twitch was noted. 
Three minutes post pretreatment administration, SDC 
1.5 mg/kg was administered to all patients and fas- 
ciculations when present, were noted on the foilow- 
ing scale: Nil (0); mild fine fasciculations of the 
eyes, face, neck or fingers without limb movement 
(1); moderate fasciculations of greater intensity 
than mild occurring at more than two sites or limb 
movement (2): severe vigorous, sustained and wide- 
spread fasciculations possibly requiring forceful 
retention (3). 

Patients were intubated when maximum paralysis 
was noted. All patients were contacted one and 
three days post-operatively and were questioned to 
disclose POM by the following scale: Absence of 
pains or characteristic post~laparoscopic gas pains 
(0); mild muscle stiffness or pains, on specific 
questioning, in the nape of the neok, shoulders and 
lower chest on deep breathing (1); moderate musole 
stiffness and pains complained of by the patient 
spontaneously requiring analgesics (2); severe in- 
capacitating generalized muscle stiffness or pain 
(3). Multivariate analysis of variance followed by 
Duncan's multiple range test was performed to de~ 
tect any significant difference in dependent varia- 
bles between the groups. The relationship between 
POM and fasiculation was determined by Pierson prod- 
uet moment correlation. A p < 0.05 was considered 
significant. All results are expressed as Mean (+ 
SD). 

Results: The results of the study are summarized in 
Table 1. Intubating conditions were adequate in 


all cases. The time to maximum relaxation, as de- 
termined by thumb twitoh, did not vary significant- 
ly among the groups. All patients were discharged 
from the hospital on the day of surgery. Fascicula~ 
tions were significantly less in the ATR and DTC 
groups than the NS group. Myalgias on the first 
postoperative day were significantly reduced in the 
ATR group as compared to the NS group. There was no 
significant difference between the DTC and NS 
groups in this regard. On the third post operative 
day POM were rare and there were no significant 
differences between the groups. There was no rela- 
tionship between fasciculations and POM. 
Discussion: In a pilot study of 20 inpatients we 
found almost no POM with the same protocol de- 
seribed above (unpublished results). Churchill- 
Davidson! and others have noted that POM is most 
often seen in ambulatory patients. Newman and 
Loudon? noted that POM is more common in females. 
Finally Brodsky and Ehrenwerth3 stressed the impor- 
tance of standardizing the surgical procedure in 
discussing POM. We feel that our patient group 
readily satisfies these criteria. 

The doses of ATR and DTC were 10% of their EDgs. 

This study confirms the efficacy of DTC in de- 
creasing fasciculations after SDC and identifies 
ATR as an alternate of equal value. We also con- 
firm the findings of Brodsky and Ehrenwerth3 and 
others! that "the presence of fasciculations was 
not related to the occurrence of muscle pains"3. 
The significant reduction in POM on day 1 demonstat- 
ed by ATR suggests that this agent should be eval- 
uated as the drug of choice for this property. 


TABLE 1 
Group 1 (n=13) 2 (n=17) | 3 (n=14) 
Pre-fasciculant ATR DTC NS 
mg/kg 0.025 0.05 s 
Fasciculations< 0.6140.77 0.1840.52  1.2120.80 
POM2 (Day 1 
$ of patients 15 41 57 
Score 0.1520.37 0.4740.62 0.6840.72 


injected 3 minutes before SDC 1.5 mg/kg. 


score-(See text) 3post~operative myalgias 
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Introduction: Reoently a new dosíng method for 
facilitating rapid tracheal intubation with 
non-depolarizing muscle relaxants has been pro- 
posed.!~3 This method, known as the priming princi- 
ple (PP), utilizes a small dose of non-depolarizer 
prior to induction with the administration of a 
second larger dose later. An appropriate priming 
dose would allow patients to maintain adequate res- 
pirations, proteot their airway and be subjectively 
acceptable. In this study we evaluated the PP with 
Atracurium (ATR). 

Methods: 39 adult female ASA Class 1 and 2 surgi- 
cal patients took part in this study. Following 
the measurement of maximum inspiratory pressure 
(MIP) patients were randomly assigned to either of 
two treatment groups in a double blind manner. 
Group 1 (n=18) received an IV bolus of normal 
Saline (NS), while Group 2 (n=21) received ATR 
0.060 mg/kg, while awake. After 3 V minutes, the 
patients were asked to lift their head for 5 
seconds and MIP was measured again.  Pentothal 
sodium was administered in suffiolent quantities to 
establish controlled ventilation by mask 4 minutes 
after the first syringe was injeoted. At five 
minutes Group 1 received ATR 0.360 mg/kg. and Group 
2 received ATR 0.300 mg/kg. 

After the pentothal, a DigiStim II nerve stimula- 
tor (Neuro Technology, Inc., Houston, TX) was used 
to stimulate the ulnar nerve with supramaximal im- 
pulses of 0.2 msec. duration at 2 Hz through subeu- 
taneous needles, The train of four stimuli were 
repeated every ten sec. The resulting thumb twitch 
was measured using a Grass FTO3C force displacement 
transducer and recorded on paper with a Grass Poly- 
graph. 90 seconds after the final relaxant dose, 
intubation was attempted by an experienced laryngos- 
copist. Conditions for intubation were graded on 
the following scale: 4-Easy and no reaction; 3- 
Vocal cord movement present, jaw incompletely re- 
laxed; 2-Vooal cord movement and moderate reaction; 
l-Impossible without supplemental time. ANOVA and 
Fisher exact probability test were performed to 
detect any significant differences. Ap £ 0.05 was 
considered significant. All results are expressed 
as mean (+ SD). 

Results: The results of the study are summarized in 
Table 1. There was no significant difference be- 
tween the groups in terms of age or weight. One 
patient in each group could not be intubated at 90 
seconds. The PP group had a TA ay ratio of 0.51 
(0.23) at 90 sec. while witn NS/ATR it was 0.73 
(0.14). This was statistically significant (p < 
0.001). MIP decreased in B patients in the PP 
group as compared to none in the NS/ATR group. 

This was statistically significant (p < 0.005). 
There was no significant difference between the 2 
groups with respect to intubating conditions, $ of 
patients bucking at intubation, time to maximal 
relaxation and time to recovery to 20% of initial 
twitch height. Four patients in the PP group could 
not sustain head lift prior to induction as com- 
pared to none in the NS/ATR group. However this 
was not statistically significant. 


Discussion: The PP was recently reported to hasten 
the onset of good intubating conditions with vec- 
uronium preceded by a priming dose of vecuronium!, 
or ATR preceded by a priming dose of either pan- 
curonium, metocurine or d-tuboecurarine?. However, 
these studies either did not examine the effects of 
the priming dose on awake patients!s3 or did not 
have a suitable control.? In a pilot study, we 
attempted to determine the maximum priming dose 
that would be tol rated by awake patients. We 
found that 36% of patients receiving 0.070 mg/kg 
ATR could not tolerate this dose, as determined by 
ability to sustain head lift (unpublished results). 
The present study shows that the incidence of this 
adverse reaction can be reduced to 19% (4 in 21) by 
reducing the dose to 0.060 mg/kg. At this dose 38% 
of the PP patients showed decreased MIP and many 
had subjeotive complaints. 

A total dose of 0.360 mg/kg was chosen since we 
noted that although most patients could be success- 
fully intubated at 90 sec., conditions were far 
from optimal and any improvement provided by the PP 
would be obvious. 

This study clearly shows that the PP with ATR, 
while providing a small improvement in 74/7, ratio 
at intubation, does not significantly improve intu- 
bating conditions. It is complex, time consuming, 
is not well tolerated and may put patients at risk 
for aspiration. 


Table 1 
Group | (n=18) 2(n=21 p 
Muscle Relaxant NS/ATR ATR/ATR 
(mg/kg) -/0.36 (0.06/0.30) - 
Conditions at 
intubation 3.4 (0.83) 3.7 (0.80)  ** 
% Bucking 
on intubation 72 62 di 
Ty/T, ratio at 
90 sec. 0.73 (0.14) 0.51 (0.23) «0.001 
$ of patients 


able to sustain 

head lift 100 81 E 

$ of patients 

showing decreased 

MIP 0 38 «0.005 
Time to max. twitoh 
depression, min. 
Time to 20% 
recovery of initial 
twitch, min. 26.4 (6.0) 24.6 (9.3) ** 


: injected 5 minutes apart; F Score (see text) 


not significant 


6.3 (3.1) 6.5 (3.4) ** 
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Introduction: Venous air embolism (VAE) is a 
complication of many surgical procedures including 
crantotomy, hepatectomy, pelvic surgery and total 
hip arthroplasty. The incidence during sitting 
craniotomy has been described as up to 40 percent 
with over half of those occurences vh 
hypotension or cardiac arrhythmías. VAE may be 
clinically non-evident or may cause a gradation of 
hemodynamic changes dependent upon the amount of 
air embolized, the rate of embolization, and the 
anatomical structures involved with the embolus. 
Emboli may lodge in the right heart or pulmonary 
vasculature, causing hypotension, pulmonary edema, 
arrythmias, and hypoxemia. 

In one study, six patients were monitored for 
VAE during total hip arthroplasty (THA). Five 
patients developed Doppler changes characteristic 
of VAE and four had air retrieved from a central 
line. This study reports preliminary data from a 
series being conducted to find the incidence of 
VAE during THA. 

Methods: This study was approved by the 
institutional human investigation committee. 
Eighteen patients gave informed consent and were 
included in the study. All patients were 
pre~medicated and anesthetized according to the 
practice of the anesthesiologist and in accordance 
with the patients’ pre-existing diseases. 
Anesthetic techniques included 13 cases of 
combined epidural and inhalational anesthesia, 4 
inhalational anesthesia, and l caudal anesthesia 
with sedation. All patients were monitored in the 
usual manner with the addition of direct radial 
arterial pressure monitoring, central venous 
pressure (CVP) or pulmonary artery catheter 
monitoring (PA), pre-cordial Doppler ultrasound 
(Med-sonic Versatone Doppler Model Number 8) and 
mass spectrometry gas analysis. Data included: 
vital signs, arterial blood gases, end tidal 
nitrogen, end tidal carbon dioxide, and CVP or PA 
pressures measured at least four times during the 
surgery. The collection times were: 1) post 
intubation, 2) after placement of the acetabular 
component, 3) after placement of the femoral 
component, 4) at the time of closure. A complete 
data set was collected again if the Doppler or 
other monitoring was suggestive of VAE. 

Aspiration of the CVP or PA catheters for air was 
also carried out if VAE was suspected. Doppler 
sounds were graded subjectively by the 
investigators as one to three plus. Associated 
surgical maneuvers were noted whenever VAE 
occurred, 

Results: Eleven of the 18 cases monitored 
had at least one episode suggestive of VAE by 
Doppler. Seven of these eleven cases (64%) 
exhibited one or more transient hypotensive 
episodes concomitant with Doppler changes. One 
hypotensive episode resulted in a blood pressure 
decrease to 50/30 mm Hg. All hypotensions 
responded to fluid and catecholamine therapy. 
Three cases (27Z) had arrhythmias during Doppler 
changes, two with premature atrial contractions, 


and one with brachycardia. Arterial blood gases 
showed an increased carbon dioxide in one patient 
during suspected VAE by Doppler.  Aspiration of air 
from the central line, elevation of CVP and changes 
in end-tidal nitrogen or carbon dioxide all occurred 
in one patient each with abnormal Doppler sounds. 

The eleven patieuts who had changes consistent 
with VAE had a total of twenty separate events. The 
correlations with surgical maneuvers are noted in 
Table 1. 

Table 1 Surgical Maneuvers at the Time of 

Doppler Event (VAE) 
Femor Preparation - 5 
Femoral Component Placement - 5 
Acetabular Preparation - 4 
Anatomical Realignment of Leg - 4 
Removal of old prosthesis - 1 
Cement Placed in Femor - 1l 
(N = 20 events) 

Discussion: Transient hypotensive episodes 
during THA have been well described. These events 
have been previously attributed to the 
cardiovascular effects of methylmethacrylate 
monomer. “. VAE has been reported in multiple types 
of surgeries but there are no large series reporting 
its incidence in THA. This preliminary report shows 
a high (612) incidence of VAE at multiple times 
during surgery (see Table 1). VAE may be 
responsible for some hemodynamic changes previously 
attributed to methylmethacrylate monomer. The 
Doppler ultrasound was the most sensitive monitor 
for VAE. The high incidence of VAE and the major 
cardiovascular changes during THA found in this 
series supports the usage of hemodynamic monitoring, 
Doppler ultrasound monitoring and mass spectrometry. 
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Introduction. One of the characteristics of 
the calcium channel blocker nifedipine (N) is its 
ability to reduce blood pressure with little change 
in cardiac output (1). No data are available concer- 
ning the stress response to N-hypotension during an- 
esthesia and surgery. The purpose of this study was 
to quantitate the pattern of circulating catechol- 
amines, plasma renin activity (PRA), B-endorphin 
(B-END) and cortisol (CORT) in response to N-induced 
hypotension. 


Methods. 20 patients (ASA I, II, mean age 35 yrs), 
scheduled for maxillofacial surgery, gave informed 
consent to the institutionally approved protocol and 
were randomized in two groups to receive either iso- 
flurane (I; n = 10) or halothane (H; n = 10) anesthe- 
sia. Each patient was premedicated with flunitrazepam 
(0.03 mg/kg p.o.). Radial arterial and pulmonary 
arterial catheters were inserted under local anesthe- 
Sia. After control measurements (C), anesthesia was 
induced with thiopental 5 mg/kg and succinyl choline 
1 mg/kg for intubation. Anesthesia was maintained 
with 1.2 MAC I or H, N,0/0, (4:2 l/min) and alcuro- 
nium 0.2 mg/kg. Ventilation was controlled and an 
i.v. bolus of 0.1 mg/kg metoprolol was given for 81- 
blockade. After measurements were taken during steady 
state anesthesia (A), hypotension was induced with N 
(20 ug/kg bolus, maintenance-infusion 3 ug/kg/min) 
and measurements repeated after 20 (H1) and 90 (H2) 
min. Surgery started after Hi~measurements. Blood 
was analyzed for plasma catecholamines (HPLC), PRA 
(RIA), B-END (RIA; 2), cortisol (RIA), N-plasma levels 
(HPLC), gases and electrolytes. All data were evalu- 
ated by analysis of variance for repeated measures 
with the Bonferroni t-test (significance level 
p<0.05). 


Results. Data are presented in the figure. There 
were no significant differences between the 2 groups. 
The cambination of anesthesia and 8-blockade (A) pro- 
duced a significant drop in MAP (I: 26%; H: 20%). The 
N-induced hypotension was associated with a further 
decrease in MAP (I: 28%; H: 31% from A). Epinephrine 
(EPI) showed a 3-fold drop from C to A and returned 
to C-levels during N-hypotension. Norepinephrine (NE) 
and PRA~levels increased continuously up to 6- and 
12-fold, respectively, after 90 min hypotension and 
surgery. B-END remained unchanged until H1 but a 
2.5-fold increase was noticed after 90 min of hypo- 
tension. This 8-END elevation reached significance 
only in the H-group. The CORT profiles ~ although 
Similar - were not significant. 


Discussion. This study confirms the drop of EPI 
during inhalation anesthesia. NE-concentration is 
considered to be an index of the activity of the 
peripheral sympathetic nervous system (SNS). It is 
well known that a fall in MAP induces reflex activa- 
tion through the arterial baroreceptors of the SNS. 
Additional mechanisms may account for the high NE- 
levels: bolus of B-blocker initially increase plasma 
catecholamines; S-blocker and hypotension reduces 
the systemic clearance of catecholamines in lung and 
liver (3). The pronounced increase in PRA in compari- 
son to NE cannot be explained solely by the activation 
of the SNS. The enhancement of PRA is mediated addi- 


tionally by nonneural mechanisms controlled by the 
renal perfusion pressure (4). We did not observe 
changes in 8-END during anesthesia and the early 
phase of hypotension confirming others (5). In con- 
trast, we were unable to find any change in CORT- 
levels during I- or H-anesthesia with N,O0 (6). The inr- 
crease in both B-END and OORT at H2 may indicate a 
common stimulus, which becomes apparent only during 
prolonged hypotension. 
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Introduction.Although there are numerous studies 
showing that the commonly used general anesthetics 
depress resting metabolic rate (RMR) (1,2), there is 
a lack of a well controlled study of the effects of 
thoraco-lumbar epidural anesthesia on RMR in man. 
It has also been reported that RMR is elevated the 
morning of surgery when compared totrue basal 
metabolic rate measured some days prior to surgery 
(3). This study was designed to examine both of 
these points: (a) Is resting metabolic rate ele- 
vated the day of surgery; and (b) Does epidural 
anesthesia alter resting metabolic rate? 


Methods. Following approval of the appropriate 
institutional review boards, and with the informed 
consent of the patients, the following study was 
undertaken. Patients - age 18 to 70, scheduled for 
elective total hip replacement, with no evidence of 
cardiac dysfunction, and who were not receiving 
hormonal supplementation - were admitted to the 
Clinical Research Center two days prior to their 
Surgery.  RMR was measured by indirect calorimetry 
the day prior to surgery, and the day of surgery 
before and after T4-S5 epidural anesthesia had been 
achieved with 0.5% bupivicaine. Indirect calor- 
imetry was measured using a ventilated hood system. 
Gas flow through the hood was adjusted to maintain 
a mixed expired carbon dioxide concentration of 0.5 
to 0.7%. Mixed expired gases were continuously 
measured for flow (Vertek VR4500 pneumotachograph), 
oxygen content (Applied Electrochemistry S-3A fuel 
cell analyzer), and carbon dioxide concentration 
(Applied Electrochemistry CD-3A infra-red analyzer). 
Analyzer outputs were read every 6 seconds by a 
Hewlett-Packard 85 computer, and mean values for 
Vv. | Vv , and R.Q. (STPD) for each 5 minute period 
0, co, à 
were printed and stored. Three collection periods 
were averaged for each measure of RMR. Data were 
analyzed by analysis of variance. 
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ABSTRACTS 


EFFECT OF EPIDURAL ANESTHESIA ON RESTING METABOLIC RATE (RMR) 
Peter Stern, M.D., James G. Howe, M.D., 
Anesthesia Section Department of Surgery and Department of Orthopedics 
University of Vermont College of Medicine 


& Frederick M. Perkins, M.D. 


Results. Six women and one man, with an average age 
of 60 years, an average weight of 81.8 kg, and an 
average surface area of 1.90 meters square partic- 
ipated in the study. Resting oxygen consumptions 

are listed below: 


Day 1 Day 2 Day 2 
pre-epidural epidural 


* 


V 


0, 123 * 6 122 + 5 127 * 6 
i 2 
Data are expressed as mean ml 2,/min/m 
consumed + S.E.M. There were nó signif- 
icant differences. 
Discussion. These data fail to demonstrate any 


significant difference in xesting metabolic rate 

the morning of surgery when compared to the pre- 
ceding morning. When compared to data in the 
literature (3) these metabolic rates are consistent 
with what most authors call basal metabolic rates. 
All of our patients appeared relaxed and comfortable 
and had not received any premedication. Thus we 
would conclude that an adequate estimate of RMR and 
basal metabolic rate can be obtained the morning of 
surgery. In addition thoraco-lumbar epidural anes- 
thesia was not associated with a significant change 
in RMR. This is consistent with the data of Ottesen 
(4)on thoracic epidural anesthesiain healthy volun- 
teers. We conclude that epidural anesthesia has 
minimal effects on RMR in the well hydrated, relaxed 
individual. 
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Introduction. The rate at which PaCOo 
increases Is important when caring for 
apneic patients. Past experiments 
examining the rate of rise of PaCO, were 
performed while oxygen was iInsufflated 
into the tracheas of anesthetized animals 
or humans. This investigation determined 
the CO? rate of rise during apnea when 
there was no gas flow into the lungs. 

Methods. After Human Subjects 
Committee approval, 20 healthy, consenting 
adults breathed 100% 05 through an 
anesthesia circle system with an infrared 
CO? analyzer between the mouthpiece and 
the Y-piece. The subject took 3 deep 
breaths to wash No out of the lungs. 
Baseline end-tidal CO? (ETCO2) was 
recorded after 30 sec of quiet breathing. 
Next, the subject held his breath at 
passive end-exhalation, or functional 
residual capacity (FRC), for 10 sec, 
then exhaled fully through the CO» 
analyzer. The subject breathed 05 quietly 
until ETCOs returned to the control 
value. This sequence was repeated after 
20 sec and again after the subject's 
longest voluntary perfod of apnea. The 
majority of subjects could not breath-hold 
at FRC for more than 90 sec, and those 
that could, had an insufficient volume of 
gas remaining in their lungs to obtain a 
reliable ETCO2. A logarithmic function 
relating duration of apnea and ETCO» was 
derived for these data. 

A similar protocol was followed where 
subjects held their breath after inspiring 
deeply to total lung capacity (TLC). The 
same 20 subjects each held a deep breath 
30 and 60 sec, and then as long as 
possible, exhaling completely through the 
COs analyzer at the end of each period. 
Least squares línear regression analysis 
and a Pearson correlation coefficient 
relating ETCO, and duration of apnea were 
determined for these data. 

Results. The mean ETCO, at which 
subjects could no longer remain apneic was 
53 + 6 mmHg after breath-holding at 
end-exhalation and 53 + 4 mmHg after a 
deep breath. The equation (figure): 

ETCOs = 7.4 (log [apnea-time]) + 39 
described the relationship between ETCO> 
and duration of apnea during 
breath-holding at FRC. When subjects held 
thetr breaths at TLC, itntersubject 
variation was too great to allow complex 
mathematical analysis. A linear 
regression of these data estimated the 
average CO» increase over time: 

ETCO2 = é 12 GRECE: x apnea-time) + 40 mmHg. 
Discussion. Although ETCO>o {fs not 
precisely equa] to PaC02, changes in ETCOo 
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REALLY RISE DURING APNEA? 

MJ Silver, 
Department of Anesthesiology» The Ohio State University, 410 W. Tenth Ave., 
Ohio 43210-1228, Department of Anesthesia, 303 E. 


B.S., and JB Downs, M.D. 
Superior 


Illinois 60611, 


accurately reflect PaC0, changes when 
subjects are hemodynamically stable. 
Therefore, ETCO, was a valid, noninvasive 
method by which to examine the rate of 
PaCO, change {in healthy subjects. 
Clinically, apnea occurs at FRC, not TLC. 
Hence, breath-holding after passive 
exhalation more closely approximates the 
clinical situation. The CO»? rate of rise 
during this condition was 7.2 + 2.5 mmHg 
(X + SD) during the first 10 sec of apnea, 
2.1 + 1.3 mmHg for the next 10 sec, and 
1.0 + .6 mmHg/10 sec intervals for the 
remainder of the 90 sec study period. 

With increased lung volume, more 
protracted breath-holding was possible, 
but it also diluted CO, in the lungs, so 
that the increase in CO» was reduced to 7 
mmHg/min and probably underestimated Pacov 
rate of rise during clinical apnea. The 
logarithmic rise in ETCOo with time likely 
was due to rapid release of CO» from the 
vessel-riích, metabolically active tissue, 
followed by slower release from these and 
other CO»? stores. It is commonly believed 
that PaCO^ will Increase approximately 3 
mmHg/min in apnefc patients. Our results 
are probably different due to lack of gas 
insufflation and the awake state of our 
subjects. In conclusion, the increase in 
PaCO» during apnea is probably much more 
rapid than previously thought and rises 
logarithmically with time. 
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Introduction. The incidence and 
. causes of recall under anesthesia are 
subjects of controversy. It is often 
assumed that the degree of recall of events 
occurring during general anesthesia is 
directly related to depth of anesthesia. 
However, patients who are apparently 
adequately anesthetized have experienced 
such recall. In contrast, Terreli et 
al.*, utilizing hypnosis, was unable to 
obtain evidence of recall of tape recorded 
information presented to patients under 
general anesthesia. The purpose of the 
present study was to determine ‘if the 
presentation of uncommon words during 
general anesthesia would increase the 
frequency of their recognition 
postoperatively. 

Methods. Approval was obtained from 
the Veterans Administration Human Studies 
Committee. Twenty-two ASA I-III male 
volunteers were studied with informed 
consent. A test was performed prior to 
induction to assure the patient's ability 
to hear tape recorded words through 
earphones, A randomized, double-blind 
study utilized a standardized anesthetic 
protocol. It consisted of glycopyrrolate 
9.2 mg IV and diazepam 0.07 mg/kg IV 
followed 20 min later by a defasiculating 3 
mg dose of d-tubocurarine, induction with 
thiopental 6 mg/kg IV and intubation with 
succinylcholine 2 mg/kg IV. Baseline 
recordings (Pre) obtained 2 min after 
induction included nasopharyngeal 
temperature (TEMP), heart rate (HR), mean 
arterial pressure (MAP), EEG mean Zzero- 
crossing frequency (ZXF) and end-tidal CO 
(see Table), These measurements were use 
to define the patients' initial response to 
surgical anesthesia. A similar anesthetic 
response was maintained with 50:560 N40/0 
and isoflurane.  End-tidal isoflurane 
concentration was monitored continuously 
with an infrared analyzer. Subjects with an 
isoflurane exposure of greater than 4 MAC- 
hr were excluded from the study. 
Physiological measurements were also made 
after the initial surgical stimulus (Post). 
At this time 36-min-tape recordings 
consisting of repetitions of either 6 
nonsense words (CONTROL group, n=1@) or 6 
very uncommon English words (EXPERIMENTAL 
group, n=12) were presented via headphones, 
After the completion of the taped 
presentation, the patients' ears were 
occluded for the remainder of general 
anesthesia. Within 48 hrs after anesthesia 
the patients were asked to choose the six 


words most familiar to them from a list of 
36 uncommon words. A tape recorded 
message instructed the patients and 
pronounced each of the words. The 
frequency of recognition of each of the 36 
words was compared in the 2 groups by 
analysis of variance. 

Results. The mean age of the CONTROL 
group was 58 years (range 31-71) compared 
to 50 (range 26-78) for EXPERIMENTAL 
subjects. Mean isoflurane exposure was 
2.1* 1.0 MAC-hr in the CONTROL group and 
1.8+.9 MAC-hr in the EXPERIMENTAL group. 
The frequency of recognition of the 6 
words presented intraoperatively was 
significantly greater in the EXPERIMENTAL 
group (Fz2142.16, df 1,298, P-.0904). 
However, no subject had conscious recall 
of any intraopertive event, 

Discussion. This study supports the 
view that the ability to hear and process 
information is not totally suppressed 
during deep general anesthesia. Our 
findings are thus in agreement with those 
of Millar and Watkinson, These authors 
noted that reliance upon patients' 
spontaneous recall underestimated the 
poential for retention. Thus, both 
studies indicate the potential value of 
minimizing patient exposure to disquieting 
information during surgery. 
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Table 1. PHYSIOLOGICAL RESPCNSES TO 
STANDARDIZED ANESTHESIA 





TEMP HR MAP ZXF CO» 


(°c.) (bpm) (mmHg) (Hz) (torr) 
CONTROL 


Pre 36 86 92 8 34 
Post 36 91 81 7 32 
EXPERIMENTAL 

Pre 36 93 186 8 36 
Post 36 86 81 7 33 
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Introduction. Following general anesthesia 
administered via an  encotracheal tube, sore 
throat and hoarseness are the most common patient 
complaints. Cuff size and shape, cuff pressures, 
use of lubricant, and methcd of tube sterilization 
have all been shown to have some bearing on the 
frequency of these complaints. The effect of tube 
size on this frequency has not previously been 
examined. Since recent work has established that 
larger tube sizes exert higher pressures at the 
tube-mucosa interface, we hypothesized that small 
endotracheal tubes would result in less laryngeal 
damage and in fewer complaints of sore throat 
and/or hoarseness, 


Methods. After obtaining approval from the 
University of Washington Human Subjects Committee 
and informed consent fron the patients,  post- 
operative sore throat and hoarseness were evaluated 
in 101 adults ages 17-85. All patients underwent 
orotracheal intubation for surgical procedures 
not involving the head or neck and not requiring 
placement of a nasogastric tube, Patients were 
randomly assigned to have their tracheas intubated 
with either a large (L) or small (S) tube. In 
males, a 9.0 mm inner diameter PVC tube (Portex, 
Ince, Wilmington, MA) was the L tube and a 7.0 mm 
was used as the S tube. - In females, the L and S 
tubes were 8.5 mm and 6.5 mm, respectively. No 
lubricant was used and cuffs were inflated to a 
volume 1 ml above that needed to prevent gas leak 
at 35 cm HjO pressure, with the cuff volume checked 
hourly. Patients were informed that tube size 
was randomized but were unaware of the objectives 
of the study. Each patient was interviewed 24- 
48 hours after the end of anesthesia by one of the 
authors who was unaware of the tube size used. 
Hoarseness and sore throat were graded on 0-3 
scales as follows: Sore throat: 0 = none, 
1 = less severe than with a cold, 2 = similar to 
that noted with a cold, 3 = more severe than with a 
cold. Hoarseness: 0 = none, 1 = noted by patient, 
2 = obvious to observer, 3 = aphonia. Comparisons 
between groups were performed using the  Mann- 
Whitney U test. 


Results. Sixty~six males and 35 females were 
Studied, reflecting the population seen at our 
hospital. There were no differences between the 
Land S groups in age, type of anesthetic, length 
of procedure, smoking history, or difficulty with 
intubation. The only complication apparently due 
to tube size was inability to pass the L tube in 
one female patient. Sore throat occurred in 22% 


of the S group and 48% of the L group, with the 
severity of the complaints as tabulated in Table 1 
(p < 0.002 for S vs. L group). The relative 
frequencies of sore throat were similar in males 
and females, 22% in both for S tubes, 45% for 
L tubes in males and 53% for L tubes in females. 
Thirty-three percent of patients intubated with 
L tubes were hoarse compared to 18% of S tubes 
(p < 0.05), with more severe symptoms in the L 
group (Table 2). Females complained of hoarseness 
more than twice as frequently as males ~~ 37% vs. 
18% (p < 0.05), with an incidence of hoarseness of 
47% when an L tube was used vs. 28% with an S tube 
(p = 0.08). The comparable figures in males were 
24% and 14% (p = 0.13). 


Discussion, With routine short-term oral 
intubation for general anesthesia, smaller endo- 
tracheal tubes produced significantly fewer 
complaints of sore throat and hoarseness and 
did not produce morbidity due to their higher 
resistance or due to tube obstruction from secre- 
tiens or kinking. We conclude that while the tube 
sizes used were all safe, patient satisfaction was 
greater with smaller tubes. We recommend the use 
of tube sizes in the range of our S tubes: when not 
contraindicated by the presence of copious or thick 
secretions or by the need for a low~resistance 
airway, 


Table 1. Sore Throat Severity 


0 1 2 3 
8 43 11 1 Q 
L 24 16 6 0 





Table 2.  Hoarseness Severity 


O 1 2 | 3 


—— SANE a EO TERN... LTE RENI. aie DER 
S 45 8 2 Q 
L 31 8 7 0 
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Introduction. Large doses of alfentanil (150- 
250 ag/kg, IV) produce a rapid onset of uncon- 
sciousness, have a short duration of action and 
result in little change in cardiovascular dynam- 
ics, even in patients with marginal cardiovascular 
reserve, Because of these properties, alfentanil 
(ALF) has been proposed as an anesthetic induction 
agent, especially in patients with cardiovascular 
disease. However, there are some reports of pro- 
found decreases and increases in arterial blood 
pressure during induction of anesthesia with alfen- 
tanil in patients with impaired cardiac function. b? 
We wondered whether the speed of administration of 
ALF, premedication with a belladonna (atropine), 
or benzodiazepine (diazepam) or pretreatment with 
pancuronium could prevent or cause hypotension or 
hypertension during induction of anesthesia with 
alfentanil. Thus this study was designed to evalu- 
ate induction of anesthesia with alfentanil in a 
sufficient number of patients with limited card- 
iovascular reserve to compare hemodynamics during: 
fast or slow administration of ALF; with or without 
premedication with atropine and/or diazepam; and 
with or without pretreatment with pancuronium. 


Methods. The study was approved by the institu- 
tional human research board and permission obtained 
from 160 ASA Class II-IV patients with impaired 
cardiovascular function at the time of the preoper- 
ative visit. Patients were randomly assigned to 1 
of 16 groups (10 pts/group) based on all possible 
combinations of the following:  ALF administration 
rate (30 sec = fast; 3 min = slow); presence or 
absence of diazepam (0.1 mg/kg, PO) and/or atropine 
(0.4 mg, IM) premedication administered 60 min prior 
to induction of anesthesia; and presence or absence 
of pretreatment with pancuronium (1 mg, IV) 3 min 
prior to anesthetic induction. All patients had 
intravenous and intraarterial catheters inserted and 
a lead I] EKG started upon arrival in the opera- 
ting room. After a5 min period of stablization, 3 
min of breathing 100% oxygen and recording of base- 
line heart rate (HR) and systolic arterial blood 
pressure (SBP), 150 ug/kg of ALF was infused at the 
prescribed rate. If patients were still conscious 
1 min after injection of ALF the infusion was con- 
tinued (at the same rate) until they were uncon- 
scious (non-responsive to verbal and tactile stimu- 
lation) when succinylcholine (1.5 mg/kg) was given 
and the trachea intubated. Repeat measurements of 
SBP and HR were recorded when patients were uncon- 
scious, and every min for 10 min after endotracheal 
intubation. Data were analyzed for statistical sig- 
nificance using repeated measures analysis of covar- 
iance. The study design was a balanced 2x 2x 2x 
2 factorial layout. 


Results. ALF produced unconsciousness in all 
patients. However, significantly lower amounts were 
required when the drug was given slowly, over 3 min 
(171 + 5.6 vs 198 + 7.0 ug/kg; p = 0.0027). Diazepam 
premedication also lowered the ALF sleep dose (175 
+ 5.6 vs 195 + 7.2 ug/kg, p = 0.0254) as did increas- 
ing age (« 40 yrs = 200 + 10.8; 40-60 yrs = 196 + 


8.6; > 60 yrs = 168 + 4.8 ug/kg; p = 0.0389). 
Anesthetic induction with ALF was often associ- 
ated with wide fluctuations (marked increases in some 
patients and decreases in others) in systolic blood 
pressure (p = 0.0000) and heart rate (p = 0.0000) 
(Table 1&2). Neither hypotension nor hypertension, 
tachycardia or bradycardia were correlated with speed 
of infusion, dose of ALF, pretreatment or absence of 
pancuronium or premedication with atropine. However, 
premedication with diazepam, even though administer- 
ed orally 60 min prior to induction, was associated 
with a significantly lower baseline SBP and lower 
SBP throughout the induction-intubation sequence. 


Conclusion. Our results confirm that induction 
of anesthesia with ALF is often associated with 
cardiovascular instability, particularly hypotension 
or hypertension, in patients with marginal cardiac 
reserve. The data do not suggest an obvious mechan- 
ism(s) except that dose or infusion rate of ALF, 
premedication with atropine and pretreatment with 
pancuronium are not causes of or protectors against 
cardiovascular instability. While diazepam premedi- 
cation lowers SBP throughout the induction-intuba- 
tion sequence, it iS not otherwise an explanation 
for cardiovascular instability. Our findings indi- 
cate that patients » 60 yrs of age and those receiv- 
ing slower infusions or having diazepam premedica- 
tions require less ALF for induction o? anesthesia. 
The data confirm that induction of anesthesia with 
ALF may be associated with more cardiovascular in- 
stability than was previously recognized in patients 
with limited cardiovascular function but do not 
indicate an obvious reason for this finding. 


Table 1: Systolic Blood Pressure During the 


Induction-Intubation Sequence 
(mmHG; Mean * SEM) 


Baseline Minimum Maximun 


All Subjects n = 160 150 + 2.1 118 + 2.3 162 + 2.4 

No Diazepam n= 79 154+ 3.1 125 + 3.4 169 + 3.3 

Diazepam n= 81 146 + 3.1* 112 + 2.0* 155 + 3.2* 
*p < 0.05 when compared to no diazepam. 


H H od 


Table 2: Heart Rate During Induction 


(bpm; Mean * SEM) 


Baseline Minimum Maximum 


All Subjects n = 160 77 + 1.4 73 * 1,5 93 * 1.7 
No Diazepam n - 79 79 * 1.9 77 * 2.2 97 *.2.4 
Diazepam n= 81 74-2.0 7051.9 88 + 2.2 
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Introduction. Many factors have been invoked as 


determinants of the spread of solutions in the 
epidural space, some of which are of demonstrable 
clinical importance in determining the extent of 
spread into the epidural space. Although often 
mentioned, other factors such as the direction of the 
epidural needle bevel are considered hypothetical 
(1,2,3). The objective of this study is to evaluate 
the influence of the direction of the epidural needle 
bevel on the spread of blood into the epidural space 
during an epidural blood patch (EBP). 


Methods. The study was approved by the 
Committee for Human Research of our institution. 
Informed consents were obtained from all the patients 
prior to their entry into the study. A total of 9 
(ASA I & II) patients with post lumbar puncture 
headache, agreed to the procedure after conservative 
treatment had failed for at least 48 hours. The study 
group included seven females and two males. Their 
ages ranged from 18 to 51 years. Three patients had 
postural headache after spinal anesthesia; one in 
whom a 22 gauge needle was used, the other two a 25 
gauge needle, Six patients had inadvertent dural 
puncture during the initiation of epidural anesthesia 
with a 17 gauge Touhy needle. After the placement of 
the blood pressure cuff and EKG, a 16 gauge I.V. 
catheter was inserted using sterile technique in a 
large vein in the antecubital fossa. Stannous 
chloride 2.5 mg was injected I.V., to prelabel the 
RBC's. Half an hour later the patient was placed in 
the lateral decubitus position, prepped and draped. 
The interspace of the previous dural puneture was 
identified and a 17 gauge Touhy needle was used to 
enter the epidural space. Using sterile teehnique, 
an assistant aspirated 10 ml. of autologous blood, 
from the I.V. site, into a syringe containing 2 to 4 
millicuries of Technetium 99M pertechnetate and mixed 
them gently for two minutes. The labeled RBC's were 
then reinjected into the epidural space at the rate 
of one ml. per 3 seconds. The 9 patients were equally 
divided into 3 groups. In the first group the blood 
was injected with the bevel of the needle pointing 
cephalad. In the second group the bevel was pointing 
caudad. In the third group 8 ml. of blood was 
injected with the bevel of the needle cephalad; the 
needie was then rotated 180° and the rest was 
injected caudad. After the 10 ml. of labeled blood 
were injected, additional amounts .of non-labeled 
blood was injected until the patient reported 
discomfort or pain in the back, buttocks or legs. All 
the patients were studied by imaging techniques using 
a gamma camera with a parallel hole collimator. 
Dynamic images were obtained every 3 seconds during 
the injection of blood. In addition, delayed 
posterior and lateral views were taken in most of the 
cases thirty minutes and three hours following the 
injection. 


Results. The dynamic images during the 
injection into the epidural space showed spread 
of blood in all directions away from the point of 
the needle. The blood injected into the posterior 
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epidural space followed three routes of dispersion. 
First a longitudinal spread along the cranio~caudal 
axis, then oiroumferentially around the dura to the 
anterior epidural space and finally laterally through 
the intervertebral foramina into the paravertebral 
Space. The blood into the epidural space tended to 
travel more easily upward in a cranial direetion than 
downward towards the caudal oanal. Even with the 
bevel of the needle pointing caudad the blood spread 
cephalad, with little tendency to caudad 
distribuution as has been postulated. In most cases, 
the films revealed that the caudad spread of blood 
stopped at the level of S, or upper part of S.. The 
cephalad spread instead showed a considerable range 
between T. and Ly. The volume of blood injected 
varied between 12 and 18 ml. with a mean volume of 
14.5 ml. The extent of the spread of blood in the 
epidural space varied between 7 and 14 segments, with 
a mean of 9 segments. The mean spread of blood was 6 
Segments upwards and 3 segments downwards. No 
complication was reported at the time of the EBP or at 
3 months follow up. 


Discussion. It may seem self evident that the 
direction of the needle bevel should play a role in 
the physical spread of solutions within the epidural 
space, Some authors sustain this concept (1,2,3). 
However, in our study, the results indicate that the 
direction of the bevel of the epidural needle has no 
influence on the spread of blood into the epidural 
space. Usubiaga (1) and Moore (4) using radiological 
techniques studied the spread of radiopaque solutions 
injected into the epidural space. Our study using 
radioactive material supports their findings; in 
addition, it shows that the cephalad spread will 
occur regardless of the orientation of the needle 
bevel. It is reasonable to assume that success of the 
EBP depends upon a close approximation of the 
injected blood to the puncture site. For this 
reason, injection at the same interspace is advisable 
but not mandatory. If for any reason that interspace 
cannot be used, one below would be more appropriate 
because of the easier cephalad spread of blood in the 
epidural space. 

In conclusion, the direction of the needle bevel 
is of no significance in the spread of blood and 
probably of local anesthetic solutions in the 
epidural space. 
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Introduction. Administration of epidural 
morphine has become widespread in the management 
of postoperative pain. However, the risk of late 
respiratory depression from cephalad spread of the 
opioid in the CSF remains a disadvantage for low 
risk patients who are not closely monitored. The 
rapidly acting, highly lipid soluble opioid 
analgesic sufentanil is more likely to remain 
localized within neural tissue and may pose less 
of a hazard in this respect. The aim of this 
study was to compare serum sufentanil levels fol- 
lowing intravenous and epidural administration, 
and to make preliminary evaluations of the 
efficacy and safety of this agent in the manage- 
ment of pain following cesarean section. In addi- 
tion, we examined the effect of epinephrine on 
serum Sufentanil levels and the duration of anal- 
gesia following epidural sufentanil. 


Methods. The study was approved by the Human 
Subjects Committee and informed consent obtained 
from 16 parturients undergoing cesarean section 
under epidural anesthesia. Surgical anesthesia 
was provided with lidocaine 2% with 1:200,000 
epinephrine. Ten minutes after delivery, patients 
received either epidural sufentanil, 50 ug 
(Group I, n=6); epidural sufentanil, 50 ug, with 
1:200,000 epinephrine (Group II, n=5); or intra- 
venous sufentanil 25-50 ug (Group III, n=5). 
Although the intention was to administer the same 
dose intravenously as epidurally, only one patient 
tolerated this dose without becoming excessively 
sedated or hypotensive. One subject received 
40 ug, two 30 ug, and one only 25 ug i.v. Venous 
blood was collected at 5-10 min intervals for 1 h, 
15 min intervals for the next hour, and subse- 
quently every 30-60 min for up to 4 h after 
injection. Serum sufentanil levels were measured 
using a radioimmunoassay technique. The duration 
of analgesia (time until the patient requested 
additional analgesics) and the presence of side 
effects were recorded. Data were analyzed using 
ANOVA and chi-Square analyses with P<0.05 regarded 
as statistically significant. 


Results. The groups were similar with 
respect to age, height, and weight. Group III 
patients received sufentanil] 35+10 mg (mean + 
S.D.) intravenously over 5-10 min. Serum levels 
of sufentanil for all groups are shown in Fig. 1. 
Peak sufentani] levels occurred in less than 30 
min following epidural sufentanil, plain; between 
60 and 90 min when epinephrine was added; and 
within 10 min following i.v. sufentanil. Duration 
of analgesia was 219-118 min in Group I, 258436 
min in Group II, and 101-47 min in Group III 
(P<0.05, Groups I and II vs. Group III). 


(parmi) 


SUFENTANIL 


Serum sufentani] levels >0.2 ng/ml were required 
for postoperative analgesia following i.v. admini- 
stration, whereas analgesia persisted following 
epidural administration in spite of low serum 
sufentanil levels («0.1 ng/ml). The incidence of 
common side effects did not differ significantly 
among the groups and is summarized in Table 1. 


Discussion. Even though larger doses of 
sufentanil were injected epidurally than intra- 
venously, serum drug levels were consistently 
lower following epidural administration. These 
data support the hypothesis that the more pro- 
longed analgesia obtained with epidural sufentanil 
is due to a spinal, rather than a systemic effect. 
Epinephrine appeared to delay the peak in serum 
sufentanil levels following epidural administra- 
tion. Although the duration of analgesia tended 
to be prolonged by the addition of epinephrine, 
these data are inconclusive because of the small 
number of patients in each group, 
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Figure 1. Serum sufentanil levels following 


either intravenous or epidural administration 
(mean values + S.D.) 


Table 1. Side Effects 


Group I Group II Group III 
(n=6) (n=5) (n=5) 


Sedation 5 Ó 4 
Hypotension 0 0 1 
Nausea 3 H 3 
Vomiting 0 l 2 
Pruritis 2 3 2 
Resp. depression 0 0 0 
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Introduction Few investigators have analyzed 
the effects of halothane on myocardial function in 
man (1). The reported studies have usualiy been 
performed on healthy voluntaers or ASA I patients 
and have demonstrated moderate reductions (10-15%) 
in ventricular performance at 1% end-tidal 
halothane. Interpretation of the performance data 
has been complicated by the use of contractility 
indices which are known to be affected by 
ventricular loading conditions. Recently Sagawa 
has introduced the end-systolic pressure-volume 
relation (ESPVR), a new index of contractility 
which is independent of loading conditions (2). The 
aim of this study was to assess the effects of 
halothane on the ESPVR in patients with ischemic 
heart disease, undergoing coronary bypass surgery 
(CABG). 


Methods Informed consent was obtained from ten 
CABG patients. In all patients anesthesia was 
induced with fentanyl, pancuronium, and 100 % Oo, 
and maintained with fentanyl (total dose: 100415 
mcg/kg). The ESPVR measurements were obtained 
immediately before or after cardiopulmonary bypass 
(CPB). Continuous recordings of the radial artery 
pressure and of the left-ventricular short-axis 
area, obtained by epicardial placement of a 3.5 mHz 
ATL? transducer, were synchronized. During the 
recording, 200-300cc of pump-fluid were rapidly 
transfused into the right atrium, The recordings 
were then interrupted and halothane was 
administered until a stable end-tidal concentration 
of 1% was achieved. A second transfusion was 
delivered while pressure and 2D-echo data were 
again recorded. With the information from each 
transfusion, an ESPVR-slope was constructed using 6 
separate cardiac cycles, Peak-systolic pressure was 
defined as end-systolic pressure, while 
end-systolic volume index was derived from the 
smallest short-axis area for the studied heartbeat. 
All echo-data were analyzed by a "blinded" 
investigator using a Diasonics® interactive 
computer, Student's T-test was used to assess 
statistical significance. 


Results Seven patients were studied immediately 
before bypass, the remaining three patients after 
CPB. At control the mean contractility as 
expressed by ESPVR was 1,4540.80 mmHg /m1/m? (*SD). 
Administration of 1% end-tidal halothane resulted 
in a 52% reduction of the d d d. to a 
mean value of 0.7040.55 mmHg /m1/m? (+8D). The 
difference was statistically significant (p<0.02) 
(Figure). The x-axis intercept Vo), an index of 
afterload, was ~48.88+97. 26 ml/m? (mean+SD) at 
control, and was ~147.45+190.63 m1/m2 (mean+SD) 
after halothane administration. The difference was 
not statistically significant. 


Discussion Before the administration of 
halothane, the contractility of the studied 
patients was not significantly different from that 


measured in a larger group of patients by these 
investigators under similar circumstances. After 
1% end~tidal halothane, the myocardial depression 
was of greater magnitude than in any previous human 
study. Another study in which the effects of 
halothane were investigated by means of the 
end-systolic pressure-dimension, was published by 
Van Trigt et al (3). They implanted ultrasonic 
microcrystals in 7 patients undergoing myocardial 
revascularization and after CPB they observed a 29% 
reduction in end-systolic pressure-dimension slopes 
at 0.55 end-tidal halothane. It thus appears that 
the ESPVR is a more sensitive index of 
contractility than the traditional indices. The 
patients in this study all presented with ischemic 
heart disease and were undergoing coronary artery 
surgery. It is possible that they were more 
sensitive to the effects of the drug than healthy 
volunteers or that fentanyl interfered with 
protective compensatory mechanisms. In most 
published reports, halothane does not affect 
afterload expressed as systemic vascular 
resistance, and our findings tend to support this. 
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Introduction. The administration of a small 
dose of muscle relaxant preceding the clinical dose 
of said muscle relaxant has been shown to hasten the 
onset of the muscle relaxation — so called the prim- 
ing principle as advocated by Foldes and others. 
Vecuronium, a new non-depolarizing muscle relaxant of 
intermediate duration has an average onset of 2.4min. 
in children2, which is faster than that of pancuroni- 
um or curarine but still slower than that of succinyl- 
choline. The present study was undertaken to evalu- 
ate the priming effect of vecuronium in pediatric 
patients. 

Method. This study was approved by the institu- 
tional Review Board and informed consents were ob- 
tained from parents of all the patients prior to their 
entry into the study. Thirty ASA Class I-II children, 
age ranging from 1-12 years, undergoing elective sur- 
geries were premedicated with atropine 0.01 mg/kg IM 
and anesthetized with halothane in nitrous oxide and 
oxygen (2:1) by mask. After attaining a stable plane 
of anesthesia at 1.5% halothane, patients were divid- 
ed randomly into two equal groups with group A of 15 
patients receiving a single injection of 65 mcg/kg 
vecuronium IV and group B of 15 patients receiving a 
priming dose of 15 mcg/kg vecuronium IV followed by a 
second dose of 50 mcg/kg 6 minutes later. The neuro- 
muscular block was monitored continuously in all pa- 
tients with Datex Relaxograph EMG monitor which re- 
corded the twitch response of the thumb adductor to 
ulnar nerve stimulation with supramaximal Train-of- 
Four stimuli at 2 Hz. Endotracheal intubation was 
performed when twitch height reduced to 90% depres- 
sion and the intubating condition was rated by a four 
point scale of excellent, good, poor, not possible. 
After intubation, anesthesia was maintained by halo- 
thane 12 in N20 and 02 (2:1 ratio). Ventilation was 
controlled to keep end-tidal Pcoo at 30-40 mmHg and 
rectal temperature was maintained at 35-370c. Clini- 
cal duration of muscle relaxant was measured as the 
time from injection to spontaneous recovery of twitch 
to 25% of control. 

Results. Both groups were comparable in their 
demographics with age distribution of 6.2 t 4.0 years 
for group A and 6.1 + 3.0 for group B (Table I). 
There was no significant difference between the two 
groups in either the maximal degree of twitch depres- 
sion or spontaneous recovery time. However, the on- 
set for 90% twitch depression was much shorter for 
group B, being 1.5 + 0.5 minutes, than that for group 
A (2.6 + 0.8 minutes), and the difference is statis- 
tically significant with P<0.001. Conditions for 
endotracheal intubation were rated excellent in 13/15 
and good in 2/15 patients in group A, and excellent 
ia and good in 3/15 patients in group B (Table 
II). 





Discussion. Vecuronium offers the advantage of 
shorter duration of action and lack of cardiovascular 
effects when compared with the older non-depolarizing 
muscle relaxants, namely pancuronium, d-tubocurarine 


and metocurine and its use in children has been re- 
ported to have great safety.J When administered 
intravenously in two divided doses, 15 mcg/kg followed 
by 50 mcg/kg, vecuronium provided equally satisfactory 
conditions for tracheal intubation with a much faster 
onset compared to that of single bolus dose of 65 mcg/ 
kg. Such a priming effect as demonstrated in our 
study in pediatric patients is in accordance with 
that reported by Foldes, et al. using the same regi- 
ment in adult patients.4 The more rapid onset time 
by using a priming dose makes vecuronium closer to 
the ideal muscle relaxant for clinical use. 
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TABLE I; DEMOGRAPHIC DATA 












A (n=15) 


6.2 + 4.0 yrs 
7M, 8F 


GROUP 







WEIGHT 15.7 + 6.2 kg 17.1 + 4.3 kg 

EESO MCN ANIM EE MEM M BD M 

TABLE II: NEUROMUSCULAR EFFECT OF VECURONIUM 
GROUP A (n-15) B (n=15) 


15 mcg/kg First 
Dose 65 mcg/kg bolus 50 mcg/kg 6 min. 
later 
Maxima] twitch 93.3 + 3.2% 97.7 + 2.0% 
depression 
Onset time for 
90% twitch 2.6 + 0.8 min. 1.5 + 0.5 min.* 
depression 
Time from injec. 
to 25% spont. 26.1 + 7.7 min. 23.6 + 8.1 mln. 
recovery 


Intubating Excellent: 13/15 | Excellent: 12/15 

condition Good: 2/15 | Good: 3/15 

rere e ——— a 
*p« 0.001 
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Introduetion: The use of an exponential infusion rate to 
maintain a predictable therapeutic plasma level of narcotic 
has been demonstrated (1). Our purpose was to: 

a. Test whether narcotic exponential infusions were 
feasible to maintain clinical anesthesia in obese 
vs nonobese patients. 

b. Evaluate the administration of drug based on ideal 
body weight (IBW) in two populations of 
significantly different weights. 

Methods: After obtaining informed consent, two groups of 
patients were studied: Mean values are expressed with 
their standard deviation. Group O, 10 patients (females, 
age 29 + 5 years with actual body weight (ABW) 123 + 20 
kg) underwent upper abdominal surgery (gastroplasty); 
Group N, 10 patients (6 females and 4 males, age 41 + 15 
years (p=0. 03) with ABW 80 + 17 kg, p=0.001) underwent 
upper abdominal surgery (cholecystectomy, bowel resection 
or staging laparotomy). Ideal body weight (IBW) for Group 
O and N were not significantly different. 

All patients were premedicated with 10 mg of 
diazepam orally. An exponential programmed IMED 929 
pump infused sufentanil (concentration 1 mg:m1l D5W) to 
achieve a constant blood level. The theoretical level was 
ealeulated for IBW (Metropolitan Insurance Company 
Tables 1983) and set at 1 ng:mI | plasma concentration. 
The induction sequence was standardized for all patients as 
follows: 

O minutes: Infusion started and d-tuboeurare 3 mg, 
injected. 

3 minutes: Thiopental sodium, 3-4 meg: gl of IBW, 
injected. 

3.5 minutes: Succinylcholine, 100 mg, given. 

5 minutes: Laryngoseopy for 30 seconds and 
intubation were performed. 

Anesthesia was maintained with nitrous oxide and 
oxygen (FjO2 = 0.4). Muscle relaxation was achieved with 
atraeurium as required. Diazepam, 2 mg, was given after 
intubation and repeated at 30 minute intervals until 
isoflurane had been introduced.  Sufentanil infusion was 
terminated after 45 minutes and replaced with isoflurane 
(0.2596 - 196 inspired) to prevent an inerease in blood 
pressure and/or heart rate above 3096 of baseline levels. 

Blood pressure was measured with a dinamap (Critikon) 
and direetly via radial arterial eatheter. EKG was observed 
on datascope, end-expired CO» (Puritan-Bennett) was 
maintained between 35 and 42 mm Hg and correlated with 
arterial blood gas values. 

Arterial blood samples for sufentanil levels were drawn 
prior to infusion and at minutes 5, 10, 15, 30, 45, 50, 55, 
60, 75, 90, 120, 150 after the infusion was started. Samples 
were also taken at anesthesia induction, skin incision, and 
extubation. Analysis of sufentanil levels was done by 
radioimmunoassay at Janssen Pharmaceutica (2), sensitivity 
of assay of 0.1 ng«ml1 -1, 

Results: The mean ABW for the O patients exceeded IBW by 
8696, whereas the ABW for Group N was only 2396 greater 
than IBW (p-0.0001). Values of heart rate and blood pressure 
were maintained within 3096 of baseline levels. The duration 
of surgery for Group N patients 218 * 59 minutes vs 127 * 26 
minutes for Group O patients (p-0.0003). Time of extubation 
(from diseontinuation of nitrous oxide) for Group N 17 + 8 
minutes vs 16 + 16 minutes for Group O patients. There was 
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no need to change the infusion rate nor make any 
pharmacological interventions to stabilize the 
hemodynamie parameters. Note, all patients had incision 
and abdominal exploration within 45 minutes, i.e. prior to 
commencing isoflurane. 
Sufentanil Plasma Levels 

The mean total sufentanil gom aera to Group O was 
115 + 11.5 ug (0.96 + 0.20 Lo kg-l of ABW), and 116 + 
13.0 pg (1.50 + 0.34 ug-kg-l of ABW) given to Group Ñ 
patients. The actual plasma levels of sufentanil for both 
groups showed marked interindividual variations. 
However, the levels were consistent within individuals and 
mean ee were comparable n both groups: 1.29 * 0.41 
ng-ml~1 (range 0.78-1.88 nge mI 1) for Group O and 1.41 * 
0.31 ng:ml-l (0.76-1.80 ng-ml1-1) for Group N. The dosing 
rate had been calculated to produce a plasma level of 1 
ng-ml- in patients of IBW. The measured levels in the 
much heavier patients were greater instead of less as 
would be predicted. Zero incidence of recall was noted. 
The actual concentrations of sufentanil showed a 2- to 3- 
fold variations in both groups. However, all 
eoneentrations were clinically effective in attenuating 
hemodynamic responses to stimuli. 
Diseussion and Conclusion: This study has demonstrated: 

1. Sufentanil levels were similar in both groups (see 
figure). The expeeted greater redistribution into 
fat was not evident from the plasma levels 
probably because of the steady state achieved by 
the infusion. 

2. Correct dosage is better correlated with IBW than 
ABW. 

3. An exponential infusion of a potent nareotie with 
N20 + Og provides acceptable anesthetic 
conditions for major upper abdominal surgery. 
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Introduetion. Diprivan (formerly disoprofol, 2.6 
disopropylphenol, ICI 35.868 Propofol) is one of a series of 
alkylphenols whieh has anesthetic properties. Initial 
investigations with insoluble diprivan used a surfactant 
Cremophor EL as a vehicle and demonstrated rapid 
induction of anesthesia and short duration of action. Due 
to associated anaphylactoid reactions and painful injection 
with Cremophor containing agents, an emulsion 
formulation of ‘diprivan' was developed. We compared the 
induction and recovery characteristics of equipotent doses 
(ED95) of diprivan 2.5 mg/kg! and thiopental 4 mg/kg. 
Since t? a of diprivan is + 2.5 min and ti B 55 min, we 
expected a rapid induction and a quick recovery. 

Methods. Forty ASA I and II, 18-65 year old informed and 
consenting patients, scheduled for short elective 
gynecological procedures were invited to participate in this 
study which was approved by the Institutional Review 
Board. Patients were excluded if they were obese (^ 30% 
of Metropolitan Insurance ideal body weight), had 
significant hepatic, renal, eardiae or respiratory disease, or 
had a history of allergy to the test drug or its constituents. 
Premedieation was standardized for all patients and 
consisted of Flurazepam 15 mg night before, diazepam 10 
mg po on call to surgery and sufentanil 12.5 ug iv 5 min 
prior to induction. Anesthesia was randomly induced with 
either 2.5 mg/kg of diprivan or 4 mg/kg of thiopental over 
20 sec in a freely running iv infusion of D5RL 
(compatability tested at ICI) in the dorsum of the hand. 
Induction time was ascertained from the end of injection 
when patients ceased repetitive hand squeezing and lost 
their eyelid reflex. 

A post induction observation time of 3 min (during 
which patients received only O9 and ventilatory assistance 
if needed) was used to observe induction characteristics, 
including excitement, movement, twitching, color changes 
or inadequate anesthesia. Awake patients were allowed up 
to 2 supplementary doses of 25% of the induction dose at 1 
min intervals. Three min after the induction, patients 
were given 1 mg/kg of suecinylcholine and intubated. 
Anesthesia was maintained with 60% N90:40% Os and 
isoflurane if needed to keep hemodynamie parameters 
within 2096 of baseline. Atracurium was used to achieve 
musele relaxation (if required). There were no significant 
differenees in the two groups for age, sex, race, height or 
body weight. 

Results. All 40 patients were induced smoothly and quickly 
in a mean induction time of 34 see for diprivan and 43 sec 
for thiopental (NS). One patient in each group required a 
supplementary dose to maintain anesthesia for 3 min. 
Intravenous irritation oecurred in 2 diprivan patients, who 
reported tingling and hot feeling; respectively. Nobody 
eomplained of pain in either group. Movement was 
associated with light anesthesia in 2 patients (1 in each 
group) Involuntary movement or exeitement did not 
occur. Hieeups occurred with 1 diprivan patient (5%) and 2 
thiopental patients (1096). Atracurium was used equally in 
both groups.  Diprivan patients had significantly lower 
systolie and diastolie pressures and lower heart rates than 
patients receiving thiopental for 15 minutes after 
induction. Thereafter, the differences were not 
significant. Parr scores in the recovery room for diprivan 


and thiopental patients were not significantly different. 
Discussion. The overall quality of induction was good in 
95% of patients. Five percent (1 in each group) had 
spontaneous movements, probably reflecting light 
anesthesia. The dose of 2.5 mg/kg for diprivan given 
Shortly after an acute narcotic premedication proved 
ample for induction. All patients were apneic for a 
variable period after bolus of induction agent. The airway 
was easily maintained and ventilation was supported — 
throughout the 3 min observation period. Following 
diprivan induction, laryngoscopy produced mild increases 
in blood pressure and heart rate. This may be protective 
in patients with compromised cardiovascular function. 
The recovery phase with diprivan was remarkable for lack 
of excitement or emetic sequelae. Recovery from both 
drugs was affected by the addition of a volatile agent for 
variable periods. The diprivan patients tended to awaken 
(calculated from discontinuation of N20) quicker at 7 min 
vs 10 min for thiopental. The difference was not 
significant. Diprivan was shown to be a safe and 
efficacious induction agent with a rapid onset and quick 
recovery. Rapid onset is a desirable feature allowing the 
dose to be titrated. Rapid elimination suggests the use of 
this drug for infusion. 

Table 1 Induction and Recovery Times of 


Diprivan and Thiopental 
(Mean + SD) 

Induction ation Awake ten 

Time Time. Time Time 
(sec) (min) (min) (min) 
Diprivan 34*11 38-24 7*6 10+6 
Range 19-64 15-105 1-25 2-28 
Thiopental 41+11 45+23 10+7 14+11 
Range 13-70 20-110 3-29 4-45 
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Introduction. Narcotics administered via the 
lumbar epidural route have been shown to be bene- 
ficial in providing pain relief and preserving 
pulmonary. function in patients undergoing thora- 
cotomy. ? The administration of hycromorphone 
(Dilaudid9) for epidural analgesia has not been 
reported previously. Hydromorphone has several 
properties that recommend its use for epidural 
administration. 


Methods. The charts of 21 patients who under- 
went thoracotomy during 1983 and who received epi- 
dural hydromorphone were reviewed. Hydromorphone 
was selected for epidural administration because 
the commercially available preparation is preserva- 
tive free. All patients had a lumbar epidural 
catheter placed in their L4,4 interspace prior to 
induction of general anesthesia. Correct placement 
of the epidural catheter was confirmed with lido- 
caine (1.54), 10-15 ml with epinephrine 1:200,000 
after a sensory block was achieved. Narcotics were 
not given as a premedication. Two of the 21 
patients (9.52) received fentanyl on induction of 
anesthesia. No other patients received narcotics 
intraoperatively. All patients were given 1.25-1.5 
mg of hydromorphone epidurally in 10-15 ml of nor- 
mal saline approximately 45 minutes before the com- 
pletion of surgery. Subsequent doses of epidural 
hydromorphone were given when necessary as long as 
the patients remained in the intensive care unit 
(ICU). The duration of action of epidural hydro- 
morphone, and the amounts of any supplemental 
intravenous morphine administered were recorded. 
Side-effects associated with epidural narcotics 
(respiratory depression, pruritus, and nausea and 
vomiting) were noted when they occurred. All 
patients had indwelling urinary catheters so the 
incidence of urinary retention with epidural hydro- 
morphone in our series could not pe determined. 


Results. The mean age of the patients was 58.5 
years (range of 18-76 years). Five patients ini- 
tially received 1.25 mg of epidural hydromorphone 
and 16 patients received 1.5 mg of hydromorphone. 
Second doses varied from 1.25 mg to 2.0 mg. The 
mean duration of analgesia after the initial dose 
of hydromorphone was 7.7 + .9 hours (range being 3- 
18 hours). The mean ICU stay was 32.5 hours with a 
range of 19-70 hours. The amount of intravenous 
morphine required to supplement the epidural hydro- 
morphone for analgesia while the patient was in the 
intensive care unit was 4.4 + 1.7 mg. Three 
patients (14.3%) had a PaCO, > 55 mmHg and were 


treated with i.v. naloxone. Two of these 3 
patients had been given an epidural dose of 2.0 mg 
of hydromorphone prior to their documented hypo~ 
ventilation. No patient in our series had a res- 
piratory rate less than 8/min. Only one patient 
(4.8%) complained of pruritus which was not gen- 
eralized but localized to the area around his 
oxygen mask. Two patients (9.5%) experienced 
nausea and vomiting. 


Discussion. One advantage of epidural admini- 
stered hydromorphone is that hydromorphone releases 
less histamine than morphine and thus may be asso- 
ciated with a lower incidence of pruritis. Only 1 
patient in our series complained of pruritus, a 
very common complication of epidural morphine, 
Since hydromorphone is slightly more lipid soluble 
than morphine, it may produce a segmental analgesic 
pattern with less rostral spread and presumably a 
lower incidence of respiratory depression than with 
epidural morphine. There were 3 cases of alveolar 
hypoventilation (PaCO, > 55 mmHg) in our series of 
2l patients. Since 2 of these 3 patients received 
a large dose of hydromorphone (2.0 mg), this com- 
plication may have been dose related. Hydromor- 


‘phone is available as a preservative free prepara- 


tion and is much less expensive thau commercially 
prepared preservative free morphine. The duration 
of action of epidural hydromorphone is reasonably 
long and it provides excellent analgesia in 
patients undergoing  thoracotomies. Only a few 
patients required small amounts of parenteral 
narcotics to supplement the analgesia obtained by 
epidural hydromorphone, In our clinical experi- 
ence, 1.25-1.5 mg of hydromorphone in 10-15 ml of 
saline administered via a lumbar epidural catheter 
provided excellent  post-thoracotomy pain relief 
with fewer side-effects than have been reported 
after epidural morphine. 
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Introduction. Shivering is a recognised 
complication of epidural anesthesia (1). Various 
causes of such shivering have been suggested: namely 
(a) a decrease in core temperature due to peripheral 
vasodilation caused by sympathetic blockade, (b) an 
effect of local anesthetic after absorption into the 
circulation, (c) a differential inhibition of 
afferent thermoreceptor fibers within the spinal 
cord causing an erroneous indication of a fall in 
peripheral temperature (2), and (d) a direct effect 
of cold anesthetic solution upon thermosensitive 
structures within the spinal cord. There is little 
evidence that (a), (b), or (c) are important to such 
shivering (3). On the other hand, there is abundant 
evidence that thermosensitive structures exist 
within the spinal cord of various mammalian species 
(4), and recent research suggests that shivering can 
be activated by local cooling of the spinal canal in 
man (5). The aims of the present study were to: (i) 
determine the incidence of shivering when 0.5% 
bupivacaine at 4°C is injected into the epidural 
space; (ii) record the temperature changes within 
the epidural space caused by these injections; (iii) 
learn if shivering can be reversed by injection of 
warm local anesthetic. 


Methods. Following approval by the 
Institutional Review Board, 30 patients (mean age 
27.2, + SEM 0.82) who were scheduled for postpartum 
tubal ligation under epidural anesthesia gave 
informed consent to participate in the study. No 
patients were febrile or were receiving medications 
preoperatively. One liter of Ringer's lactate 
solution warmed to 37°C was given i.v. before the 
epidural needle was inserted. An 18g Concorde 
epidural catheter with a thermistor probe (Yellow 
Springs Instruments i511) threaded to its tip was 
inserted into the epidural space. A dose of 4 ml 
0.5% bupivacaine cooled to 4°C was injected through 
the catheter followed by doses of 7 and 5 ml at the 
same temperature. If shivering had not occurred by 
the third dose, a further cold injection was given. 
In certain shivering patients bupivacaine warmed to 
41°C was given in an attempt to reverse the 
shivering response. Air temperature, core 
temperature, and average skin temperature (6) were 
monitored. Shivering was recorded by electro- 
myography with sensors placed over the anterior 
shoulder girdle muscles. Once a block to a T 
sensory level was reached, the study was remihated. 


Results. The mean weight of the patients was 
65.3 kg (SEM + 2.85), and the mean total dose of 
bupivacaine used was 21.9 ml (SEM * 0.64). 14 of 
the 30 patients (47%) shivered after 1 or more cold 
injections,  Injections of cold anesthetic caused 
epidural temperatures to decrease to below 20°C 
and to remain below 37°C for several minutes. When 
shivering occurred, it began within 3.5 to 4.4 
minutes after injection (Table 1). 





Table 1l. 
Dose 1 Dose 2 Dose 3 Dose 4 
(4 ml) (7 ml) (5 ml} (5 ml) 
Mean time from 7.36 13.3 11.0 Teed 
injection to +0.43 £0.51 +0.49 £0.50 
return to 37°C n=30 n=30 n=30 nz]9 
(mins t SEM) 
Mean time == 3.46 4.36 4.2 
from injection * 2.05 £0.52 t 0.79 
to start of n-5 n= nz7 
shivering 


(mins + SEM) 





In eight of the 14 patients shivering was 
marked and in 4 of these patients it was reduced or 
stopped by an injection of 0.5% bupivaine warmed to 
41°C. There were no significant differences in 
ambient, core, or mean skin temperatures for 
shivering versus nonshivering patients. 


Discussion. The initiation of shivering 
depends on the interaction of three factors: input 
from peripheral cold receptors, input from non- 
hypothalamic thermosensitive neurons (e.g. spinal 
cord) and the temperature of the hypothalamus. In 
this study neither core temperature nor cutaneous 
temperature were affected. Hence these findings 
provide evidence for the presence of thermosensitive 
tissue within the spinal canal of man. These results 
suggest that shivering during epidural anesthesia is 
very common, that anesthetics kept at refrigerator 
temperatures can cause marked and prolonged decreases 
in the temperature of the epidural space and that 
warming of the anesthetic may prevent shivering. 
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Introduction. The increasing number of prematurely 
born infants of low birth weight who are surviving 
in neonatal intensive care units present many 
problems. Patent ductus arteriosus (PDA) is one of 
the most frequently occurring problems, occurring in 
as many as 90% of infants of 1500 gm or less; Anes- 
thetic agents given during ligation of the PDA may 
be used to control the pressure gradient from the 
aorta to the pulmonary artery. Both inhalational 
agents, Halothané and high dose FentanyD, have been 
used successfully for PDA ligation. In some insti- 
tutions no anesthetics are used.* The purpose of 
this study was to evaluate the effectiveness of an 
inhalational anesthetic agent, Isoforane, versus 
Fentanyl (5O0mcg/kg) anesthesia with respect to the 
stability of heart rate, blood pressure, and the 
oxygen saturation of the arterial blood. 


Methods. Ten premature infants between 26-32 weeks 
gestation were studied who needed ligation of PDA 
for clinically significant left to right shunt as 
evidenced by respiratory distress syndrome, failure 
to wean, congestive heart failure, and LA/AO ratio 
?1. All were less than 2 kg. in weight and had 
failed medical management. Patients were assigned 
to either of two groups: Group A- Forane-Pavulon 
anesthetic; or Group B- Fentanyl-Pavulon anesthetic. 
Group A- Patients received Isoforane anesthesia (.25 
to 1.0%) in air-oxygen misture with oxygen concen- 
tration sufficient to maintain an arterial oxygen 
saturation 85%. 

Group B- Patients received sentanyl 50 neg/kg prior 
to incision. They were ventilated with an air-oxy- 
gen nixture as above. Mean arterial blood pressure 
(MAP), heart rate (HR), and oxygen saturation (Sa02) 
were compared between group A and B at six stages of 
the operation: 1-Prior to induction, 2-At induction, 
3-Chest incision, 4-Lung retraction, 5-Ligation of 
PDA, 6-After chest closure. All patients were para- 
lyzed with .2 mg/kg Pavulon and received a 10 ml/kg 
bolus of DLR prior to induction. All were monitored 
with a Nelfcor pulse oximeter and pediatric Dinamap. 
Protocol approved by the Human Subjects Research 
Committee, and consents were obtained. 


Results, Both groups were clinically judged to have 
satisfactory anesthesia. Average weight in the 
Fentanyl group was 1084 gm, and 1032 gm in the Iso- 
forane group. The Fentanyl group, from the start, 
had a consistently higher MAP (P40.05) compared to 
the Isoforane group, with higher MAP increases 
during surgical manipulation (See figure). Heart 
rate was not significantly different between the two 
groups at any stage, with both groups showing a 
stable course without significant changes during the 
operation (See table). Oxygen Saturation decreased 
to low levels (<85%) in the Fentanyl group during 
lung retraction (Stage 4) only and was otherwise 
stable in both groups (See table). However, there 
were no changes in Sa05 of statistical significance 
between the two groups. 


Discussion. Robinson and Gregory2 found that admini- 
stration of Fentanyl bolus was associated with a 5% 
decrease in systolic blood pressure. They reported? 
that post induction blood pressure with Halothane 
anesthetic decreased more than 30% in 46% of their 


patient population. However, the Fentanyl group had 
received a iO0ml/kg bolus of Lactated Ringers solution 
with 56 Dextrose intravenously prior to induction. 
Isoforane is metabolized far less than Halothane and 
may be safer to use in the infant. It also has a 
stronger depressant effect on the SVR and may produce 
less myocardial depression, which may be useful in 
controlling the pressure gradient from the aorta to 
the pulmonary artery. In this study, both high dose 
Fentanyl and Isoforane produced a stable heart rate 
and oxygen saturation. Both allowed high concentra- 
tions of oxygen to be used during the lung retraction 
The Fentanyl group had higher MAP fluctuations during 
surgical manipulations. 
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TABLE I 
Stage"* 1 2 53 4 5 6 
MAP(torr) Forane ,2885.7 292.2 tht? 4 2.8 523.8 4125.5 
M+SEM Fentanyl *5245.9 5326.3 “6347.6 "Guh.7 “6545.4 “6022.8 


HRC BPH) Forane 17628.2 1747.5 176411 1748.4 17249.7 175411 
Fentanyl 16549.6 168211 16549.4 16348.8 16927.8 1748.0 


Sad, (#) Forane 9641.3 9620.5 9242.8 9043.1 9142.7  9Uux1.1 
Fentanyl 8842.4 9122.3 8942.7 8345.3  9641.& 9541.9 


*P40.05 compare to values of Forane group at corresponding 
stage. (Non paired t test) 
**See Methods 


60 
55 
50 
45 
mp |" 
(torr), 
30 
O Fentanyl 
25 @ Forane 
20 9040.05 Compare to values of Stage 1 
(ANOVA Test) 
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Propofol (Diprivan), an ultra-short acting 
non-barbiturate anesthetic induction agent is 
being proposed as an alternative to etomidate and 
thiopental because of its rapid onset of action 
(45-60 seconds), short duration (3-5 minutes), 
clear-headed recovery and apparent absence of 
significant cardiovascular side-effects. These 
characteristics could make propofol valuable as an 
induction agent in patients with limited or no 
cardiac reserve. 


Methods: Approval was received from the 
Institutional Review Board for Human Research, and 
permission obtained from 30 ASA Class III patients 
at the time of the preoperative visit. Patients 
were randomly allocated to receive comparable 
induction doses of propofol (2.5 mg/kg), etomidate 
(0.3 mg/kg) or thiopental (4 mg/kg) and were 
premedicated with lorazepam 2-4 mg p.o. ninety 
minutes prior to induction of anesthesia. Upon 
arrival in the operating room, a radial arterial 
cannula, lá-gauge peripheral intravenous infusion 
and a triple lumen thermodilution pulmonary artery 
catheter were all inserted under local anesthesia. 
Patients were then given 100% oxygen for five 
minutes before baseline systemic, pulmonary 
arterial, central venous (CVP) and pulmonary 
capillary wedge pressures (PCWP) were measured; 
cardiac output and heart rate (HR) determined and 
cardiac index (CI) and pulmonary and systemic 
vascular resistances (PVR and SVR respectively) 
calculated. After this the induction agent was 
administered over a thirty second interval through 
the side-arm of the PA catheter introducer and 
followed by vecuronium (0.1 mg/kg). Ventilation 
was initially assisted and then controlled to 
maintain an end-tidal CO, concentration between 35 
and 45 - mmHg. Cardfovascular dynamics were 
re-measured every minute for the first four 
minutes after administration of the induction 
agent. Following this fentanyl (lO0yg/kg) was 
injected and a minute later a repeat set of 
hemodynamics recorded followed by endotracheal 
intubation. Cardiovascular dynamics were recorded 
again five minutes after endotracheal intubation. 
Data were analyzed for statistical significance 
using analysis of variance and t-test with 
Bonferroni correction techniques. 


Results: All baseline hemodynamics were 
similar in the three groups. HR was unchanged 
with propofol and etomidate but significantly 
increased (18%) with thiopental. Propofol (P) and 
thiopental (T) caused significant decreases in CI 
(P=11-17%, T=4 12%), systolic and diastolic 
arterial blood pressures (P=12-32%, T=9-23%); CVP 
(P=16-29%, T-4-82); and PCWP (P=35-44%, T=9~13%) 
while etomidate did not change CI, arterial blood 
pressure or PCWP and slightly increased CVP 
(8-17%). PVR and SVR were not significantly 
changed by any of the induction agents. 
Administration of fentanyl after induction: 
resulted in significant decreases in HR, CI, 
systolic and diastolic arterial blood pressures 
and PCWP in all groups which persisted after 
endotracheal intubation. Fentanyl reduced PVR and 
SVR after propofol and thiopental but not after 
etomidate. Indeed PVR was significantly increased 
by fentanyl after etomidate.  CVP was unchanged by 
fentanyl after  propofol and  thiopental but 
increased after etomidate. Myoclonus 
(non-specific muscle movements unassociated with 
laryngoscopy or tracheal intubation) occurred in 
334 of patients receiving etomidate but was absent 
in the patients receiving propofol or thiopental. 


Discussion: The results of this study 
demonstrate that propofol produces similar 
decreases in CI and arterial blood pressures to 
thiopental and in contrast to etomidate which 
results in little change in these and virtually 
all other hemodynamics in patients with: little 
cardiovascular reserve. The data suggest that 
reductions of CI and arterial blood pressure after 
propofol are principally related to marked 
decreases in ventricular pressures (CVP and PCWP) 
and that propofol causes greater changes in these 
variables than thiopental. The results also show 


that fentanyl results in significant 
cardiovascular depression when administered after 
any of the induction agents. Our findings 


indicate that propofol should be used with caution 
in patients with limited cardiovascular reserve 
especially if the patients are hypovolemic or are 
to receive fentanyl. 
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introduction, Midazolam, the water-solubie 
benzodiazepine, is a useful adjuvant to epidural 
analgesia in labor. Its anticonvulsant properties 
may make it useful for controi of eclamptic 
convulsions but its pharmacokinetics in the 
pregnant patients in active labor have not been 
investigated. We here report such a study. 


Method. This study was approved by the 
Regional Ethical Committee and carried out on fit 
consenting patients who had not received any 
benzodiazepine within 48 hr. The dose of midazolam 
was standardised at 5 mg given intravenously over 
10 sec to five groups of patients: 12 in early 
active labor; 20 of similar age undergoing lower 
abdominal gynecological operations of comparable 
duration (40-60 min) to Cesarean Section given 
midazolam 5 min before induction of general 
anesthesia; 16 undergoing Cesarean Section given 
the drug either 5 min or 3 hr before induction of 
general anesthesia. Parturients were all at term, 
having had uncomplicated pregnancies; laboring 
patients had a slow intravenous infusion of 
oxytocin (2-5 mU/min) and this was also given to 
half of the gynecological patients. 

Venous blood samples were drawn at frequent 
intervals for the first 2 hr following druq 
administration for estimation of total midazolam. 
Maternal and umbilical vein samples were taken at 
delivery. The coefficient of variation of the 
method of analysis was 10% at 25 ng/ml and 4% at 
400 ng/ml. Blood sampling was not continued beyond 
2 hr because of inaccuracy of estimating low plasma 
midazolam levels. 


Results, Table l gives the mean plasma levels 
in each series, while Figure 1 illustrates the most 
important of these. Patients in early labor had 
significantly higher plasma levels for the first 45 
min compared to the other groups (P < 0.03-0.001) 
and significantly higher than both Cesarean groups 
through the period of study. In the Cesarean 
patients (pooled data) these were significantly 
lower than in the non-pregnant patients 
(P < 0.01-0.05) throughout the period of study 
except for the first 5 min.  Syntocinon did not 
affect the plasma levels in the gynecological 
patients. The umbilical vein/maternal vein 
midazolam ratios were related to the 
injection/delivery interval (Table 2). 


Table 1. Mean plasma midazolam (ng/ml) 


Min 2 5 10 15 30 45 60 90 


L 411 321 230 -170 101 76 46 31 
G 215 159 127 106 7i 53 45 32 


GO 198 189 158 130 100 75 59 42 
C190 210 166 134 101 60 47 40 35 
C20 173 . 154 128 92 52 27 22 17 


L= labor; G = gynecological operationstoxytocin(0); 


C= Cesarean Section with injection-delivery interval 


Table 2. Neonatal umbilical vein (UV) to 
maternal vein (MV) ratios of midazolam at delivéry 





Procedure Cesarean Section Labor 
Mean injection- 
. delivery interval 
(min) 20 190 201 
Mean UV/MV ratio 0.76 0.62 0.30 





Discussion. The lower midazolam levels in the 
Cesarean Section patients may be due to the 
expansion of plasma volume and decreased plasma 
protein binding found in pregnancy.  Placental 
transfer is less than with diazepam (1). The 
highly significantly raised plasma midazolam levels 
found in patients in active labor is an important 
finding which would limit its use as an 
anticonvulsant. It must be due to uterine 
contractions affecting liver blood flow with a high 
hepatic-extraction ratio drug. 


Reference. 
l. Erkkola R, Kangas L, Pekkarinen A. The transfer 
of diazepam across the human placenta during 
labour. Acta Obstet Gynaec Scand 1973; 51: 167. 


Figure 1. Mean (+SEM) plasma midazolam levels 
in patients in labor (e——e), elective Cesarean 
Section with midazolam given 20 min before delivery 
(&——4A) and matched gynecological patients (o—~o) 
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Introduction. Cardiotoxic effects of bupiva- 
caine (BUP) can be due to drug-induced impairment 
of electrical or mechanical function, or both.  BUP 
was previously shown to slow conduction and sup- 
press pacemakers, but its effects on the mechani- 
cal function of the heart have not been well 
investigated. The present study was designed to 
evaluate the influence of BUP on the tension 
developed in isolated ventricular muscle and on 
calcium-dependent action potentials. 


Methods. Papillary or trabecular muscles were 
isolated from the right or left ventricles of seven 
dog hearts. They were attached to an isometric 
force transducer and superfused in a small volume 
perfusion chamber with Tyrode's solution (4mM K , 
2.5mM Ca , 37°C), which was gassed with 95% 0, ~ 
5% CO,. Transmembrane action potentials were 
recorded with intracellular glass microelectrodes. 
Preparations were stimulated through bipolar 
electrodes at rates of 10/min or 60/min and exposed 
sequentially to BUP in concentrations of 1-10 mg/1 
for 10 to 30 min. Calcium-dependent potentials 
were induced in, some preparations by increasing the 
extracellular K concentration to 24mM (to, inacti- 
vate Na current), and the addition of 10 ^ to 
10 "M epinephrine or isoproterenol (to stimulate 
the Ca current). Data were analyzed statistically 
by Student's "t" test (P 0.05 significant). 


Results. Twitch tension was depressed by BUP 
(1, 2.5, 5, 10 mg/1) to 94%, 78%, 59% and 36% of 
its control value, respectively. The amplitude of 
calcium-dependent potentials was not changed by the 
above concentrations of BUP (Fig. 1). BUP 
suppressed the second and third peaks (induced by 
Ca released from sarcoplasmic reticulum) in 
biphasic or triphasic contractions, but caused 
little depression of the first peak which is due 
presumably to transmembrane calcium flow. In the 
same preparations, similar concentrations of BUP 
(5 mg/1) produced much more pronounced depression 
of tension at lower (10/min) than at higher 
(60/min) rates of stimulation (Fig. 2). However, 
decreases in excitability (skipped beats) occurred 
earlier in preparations stimulated at higher rates. 
The negative inotropic effects of BUP could be 
reversed by 0.1-1 mg/l epinephrine (Fig. 2) or 
mild respiratory alkalosis. However, an increase 
in extracellular calcium decreased excitability. 


Discussion. BUP exerts direct negative 
inotropic effects on the heart muscle. They are 
not due to the inhibition of transmembrane inward 
calcium current, but are probably secondary to the 
inhibitory effects of the drug on some intracellular 
sites responsible for the regulation of contractile 
force (sarcoplasmic reticulum?). Catecholamines 
which improve intracellular calcium turnover can 
overcome the negative inotropic effects of BUP. 
Attempts at reversal by increasing extra-cellular 
calcium may be deleterious and produce more serious 
arrhythmias. 


School of Medicine, New York, New York 10029 
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FIG. 1 - Effects of BUP (10 mg/1) on calcium- 
dependent potentials and tension; photographed 
from the oscilloscope screen (upper panel) and 
recorded at slow speed on the polygraph (lower 
panel). i 
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FIG. 2 Effects of BUP (5 mg/1) on tension 
developed by the preparation stimulated at a 
rate of 10/min (upper panel) and then at 60/min 
(lower panel). Note the initial decline in ten- 
sion is slower at 60/min but is interrupted by 
periods of rapid decline (when the preparation 
becomes less excitable and responds to every 
second stimulus) and recovery (when the stimulus 
strength is raised to restore 1:1 response). 
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Introduction. It is commonly accepted amongst 
anesthesiologists and cardiac surgeons that, due to 
its venodilating action, morphine anesthesia for 
open heart surgery necessitates large fluid require- 
ment. Previous studies has confirmed this, compar- 
ing morphine and halothane.' Fentanyl, a synthetic 
narcotic purportedly has less of this vasodilatory 
action. Therefore, this study was designed to 
compare the perioperative fluid requirements in 
patients undergoing elective coronary artery bypass 
graft (CABG) surgery utilizing either a fentanyl or 
halothane anesthesia technique. 

Methods. Twenty-four patients undergoing elec- 
tive CABG were entered into this institutionally- 
approved study. All had good left ventricular 
function (ejection fraction 25505), and all were 
free from hepatic and renal disease. The patients 
were randomly assigned to one of two groups. Anes- 
thesia,for Group I (n=11) consisted of fentanyl 7 
pg.kg"' bolus infusion followed by 0.3 ug.kg^'.min^ 
infusion. Anesthesia for Group II (nc consisted 
of diazepam 10 mg i.v. for induction and halothane 
0.5-2.0% in oxygen for maintenance. Both groups re- 
ceived pancuronium bromide for intubation and main- 
tenance of paralysis.  Hypothermic, non-pulsatile 
cardiopulmonary bypass with non-blood prime was 
used in all cases.  Perioperative fluid administra- 
tion was guided by pulmonary artery diastolic, pres- 
sure, Banked blood tranfusion was administered 
when hemoglobin level fell below 7 grams %. The 
amount of fluid and/ or blood required was recorded 
every two hours intraoperatively and for 24 hours 
postoperatively. The body weight was recorded pre- 
operatively and 24, 48 and 72 hours later. The re- 
sults were analyzed using non-parametric statistics. 

Results. The two groups were not different in 
age, Sex distribution, body surface area baseline 
cardiac output, or duration of cardiopulmonary by- 
pass. During the intraoperative period, there was 
no difference between the groups in the total vol- 
ume and type of fluid administered. Postoperative- 
ly, during the first six hours, Group I (fentanyl) 
required significantly larger amount of fluid 
(p <0.05) bein 1). In addition, Group I also re- 
ceived more fiuid in the form of colloids. By the 
end of 24 hours, however, there was no difference 
between the two groups in the total amount of fluid 
required. Average weight gain after the same period 
was also not different. 

Discussion. The only significant difference 
between the two groups was a transient increase in 
fluid requirement by the fentanyl group (Group I) 
during the first six hours postoperatively. Since 
the pulmonary artery diastolic pressure was used as 
the sole guideline to fluid therapy, this difference 


HY Wong, M.D., PR Lichtenthal, M.D., and LD Wade, M.S. 


Department of Anesthesia, Northwestern University Medical School, Chicago, Illinois 60611 


in fluid requirement represents a decreased pre-load 
in Group I patients. The reason for this relative 
decrease in pre-load and its short duration is un- 
clear. It is not correlated with body temperature 
changes postoperatively (which were identical in 
both groups). Since fentanyl at this dose range 
persists in the body much longer than 4-6 hours, it 
is unlikely that it alone caused this transient de- 
crease in pre-load. One possible explanation may be 
that all patients in Group I received postoperative 
positive pressure ventilation, whereas none in Group 
II did. Positive pressure ventilapion, by impeding 
venous return, decreases pre-load.^ This effect is 
usually countered by increasing fluid loading ini- 
tially. Overall, this study shows that fentanyl, 
unlike morphine, does not necessitate larger blood 
or fluid requirement than halothane for open heart 
surgery. 


Figure 1: 24-hour Postoperative Fluid Requirements of 
CABG Patients 
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INTRODUCTION:  Ranitidine is a H5 histamine 
receptor antagonist which inhibits gastric acid 
secretion in the stomach. Its effectiveness in 


decreasing gastric acidity has been well documented : 


in adults.l However, its efficacy in children prior 
to anesthesia has not been evaluated, nor has an 
effective dose been established. 


METHODS: The protocol for this study was 
approved by our institutional review board and 
written consent was obtained from the parents, 
Forty children, 3 to 14 years of age (meantS.E. 
7.7*0.6 years), were studied. The mean weight of 
the children was 30.0+2.3 kg. The children were 
randomly divided into five groups, Group I acted as 
control and did not receive ranitidine preoperativer 
ly. Group II received 2.0 mg/kg po ranitidine, 
Group III received 2,5 mg/kg po ranitidine, Group 
IV 3.0 mg/kg po ranitidine, and Group V received 
3.5 mg/kg of ranitidine. The five groups of 
children were comparable in age, weight and type of 
surgical procedure. 

Ranitidine was prepared in the pharmacy by 
soaking tablets in distilled water and mixing them 
with sucrose solution. The drug was administered as 
an oral suspension in a concentration of 5 mg/ml 
at least one hour prior to surgery. 

Premedication in children less than 7 years of 
age consisted of rectal methohexital (20-25 mg/kg) 
administered 20 min before surgery, None of the 
children received anticholinergic drugs, narcotics 
or antibiotics preoperatively. The anesthetic 
technique consisted of halothane N450:05 with 
endotracheal intubation. 

After satisfactory induction of general 
anesthesia, a #18 Salem sump tube with an intra- 
luminal pH micro-electrode was inserted orally into 
the stomach, Position of the tube was confirmed by 
auscultation over the epigastrium while rapidly 
injecting air into the tube, by aspiration of 
gastric contents, and by observing the epigastrium 
for an indentation produced by the gastric tube, 
The gastric contents were collected with an 
aspirating trap and suction. 

The volume and color of gastric juice was noted, 
The intragastric pH was measured by a Corning 
digital mini-pH meter M-103 (#1428) and standard 
microelectrodue Ml1-506 (#14691) which was 
calibrated against standard buffer solution hefore 
each set of measurements, The pH was also 
determined by pHydroin paper. Statistical analysis 
was performed using the non-differentiated students 
t-test and analysis of variance. 


RESULTS: The results of the gastric pH 
measured by the pH meter, H* concentration and 
volume of gastric juice ml/kg body weight are 
summarized in Table 1. 


pH H'conc (mo1/1; Vol (ml/kg) 

— —————————————— —Ó—À— — AA 

Group l (n8) 2.0% .3 18.74 5.1 -31+ 07 
M+S.E. 1.473.7 .2-39.1 .01- .57 
Range 

Group II (n=8) 5.14 .5** 1.,2541.25* 10+ .05 
MtS.E. 2.077.4 3.91x1075-10 .01- .42 
Range 

Group III (n-8) 6.140.2** 1.9x107349x1074* »294 .08 
M+S.E. 5.176.9 .0001-.008 .01-0.62 
Range 

Group IV (n8) 5.4*0.6** 2.504 2.50 Jit .13 
M+S.E. 1.7-7.4 3.9x10-5-20 .01-1.1 
Range 

Group V (n-8) 6.340.5** 044,04 .ll& .04 
M+S, E. 3.6-8.6 2.5x10-5-0,3 .01- .28 


Range 





* Significant difference from control «0.01 
** p«0,001 


In the present study with direct intragastric pH 
measurements, preoperative oral ranitidine at doses 
of 2.0 mg/kg to 3.5 mg/kg effectively raised intra- 
gastric pH in the children studied. Increasing the 
dose of ranitidine above 2.0 mg/kg did not produce 
a significant difference in intragastric pH 


between the groups studied. The effect on gastric 


volume was inconsistent. 

All children who received ranitidine were 
protected against the major complications of acid 
aspiration, because none had an intragastric pH less 
than 2.5 and a gastric volume more than 0.4 ml/kg. 
In the present study ranitidine proved to be as 
effective as cimetidine in decreasing gastric acidity 
in children.* In contrast to cimetidine, ranitidine 
has minimal effects on the cytochrome P450 enzyme 
system of the liver, which may make its use 
advantageous in children on multiple drug regimens .3 
The longer duration of action of ranitidine 
eliminates the need for repeated doses. 

In regard to the dose of ranitidine in children, 
the 2,0 mg/kg dose is as effective as higher doses 
in decreasing gastric acidity. Because no further 
decrease in either gastric acidity or volume was 
seen with higher doses, we recommend 2.0 mg/kg po 
ranitidine as prophylaxis against acid aspiration 
in children, 
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Acquired immune deficiency syndrome, 
see Infection 
AIDS, see Infection, acquired immune 
deficiency syndrome 
Alfentanil, see 
Analgesics 
Anesthetics, intravenous 
Aminophylline, see Pharmacology 
Amiodarone, see Heart, arrhythmias 
Amrinone, see Pharmacology 
Analgesics 
alfentanil 
comparison with sufentanil and 
fentanyl $145 
effects of technique and supplements 
on cardiovascular dynamics 5156 
pharmacokinetics in children $129 
fentanyl 
administration in lollipop form 
$102 
clinical and physiologic effects 555 
comparison with alfentanil and 
sufentanil $145 
reproductive and teratogenic 
effects 552 
hydromorphone, use for pain relief 
after thoracotomy 5163 
morphine, cisternal cerebellomedullary 
morphine concentrations after 
intramuscular morphine 
administration in dogs S31 
nalbuphine 
as reverser of respiratory 
depression $119 
clinical and physiologic effects $55 
effect on somatosensory-evoked 
potentials 551 
production of side-effects while 
reversing narcotic-induced 
respiratory depression S19 
sufentanil 
comparison with alfentanil and 
fentanyl $145 
computerized infusion in obese vs 
nonobese patients 5161 
effects on somatosensory evoked 
potentials $81 
intravenous vs epidural 
administration for cesarean 
section $158 
pharmacokinetics in the elderly $94 
Anesthesia 
cardiovascular 
and complement activation $90 
and perioperative fluid 
requirement 5169 
aortic cross-clamping and right 
ventricular function $143 
effect of early extubation on shunt 
after coronary artery bypass S35 
effect of slow channel calcium 
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function S66 
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latency $141 
effect on hypertensive patients $75 
general vs epidural for 
femoral—popliteal bypass 
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isoforane vs fentanyl in infants 
5165 
pediatric $112, $113 
perioperative oxygen-hemoglobin 
affinity changes S92 
postoperative potassium requirements 
S77, S78 
relationship of arterial to peak end 
tidal partial pressure of CO; during 
surgery 541 
temperature and somatosensory 
evoked responses S85 
geriatric, propofol sensitivity 543 
induction, effects of propofol vs 
thiopental during S89 
obstetric 
and hypotension $125 
and ritodrine therapy 5140 
for management of HELLP 
syndrome $124 
general vs epidural for cesarean 
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patients 576 
pediatric, oxygen saturation during 
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$120, $152 
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space S157 
hypotensive 
bis-trimethaphan nitroprusside 533 
rebound pulmonary artery 
hypertension 5139 
spinal 
opioid agonist and respiratory 
depression S28 
prolongation of tetracaine spinal 
anesthesia in dogs 514 
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local, effect on maternal and neonatal 
platelet function 563 
Anesthetics, gases 
nitrous oxide, hemodynamic effects in 
infants 567 
Anesthetics, intravenous 
fentanyl 
effect on myocardial salvage after 
coronary artery occlusion S50 
effect on somatosensory evoked 
responses $136 
ketamine, as anesthetic management of 
acute epiglottitis 53 
propofol, cardiovascular effects in 
patients with impaired cardiac 
function $166 
thiopental 
and cardio-pulmonary bypass 5111 
effect on arrhythmic dose of 
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potentials S80 
Anesthetics, local 
bupivacaine, negative inotropic effects 
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mechanisms 5168 
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and myocardial depression during 
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as a myocardial depressant 5159 
hemodynamic effects during 
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myocardial ischemia during coronary 
artery occlusion 540 
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stimuli S36 
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PGF;a in dogs $20 
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effects on central nervous 
system $130 
effects on cerebral blood flow, oxygen 
consumption, and EEG $107 
induced hypotension and 
preservation of cerebral vascular 
responsiveness to hypocapnia 56 
pharmacokinetics $84 
Antacids, see Gastrointestinal tract 
Antagonists 
neuromuscular relaxants 
edrophonium and atropine 596 
edrophonium, pharmacokinetics in 
the elderly $142 
Antagonists, narcotic 
naloxone, cardiovascular effects of 
fentanyl reversal by 599 
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Arrhythmias, see Heart 
Aspiration, see 
Gastrointestinal tract, antacids, stomach 
Lung 
Asthma, see 
Complications 
Lung 
Atracurium, see Neuromuscular relaxants 
Benzodiazepines, see Hypnotics 
Biliary tract, see Liver 
Blood 
coagulation, protamine 
and hypotension S68 
and prostacyclin and thromboxane 
changes 583 
and pulmonary hypertension 586 
comparison of administration via left 
atrium, right atrium, and 
peripheral vein 527 
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blood flow 
and delayed nimodipine 
treatment 598 
and hemodilutional resuscitation 
5121 
and phenobarbital $115 
and thromboxane synthetase 
inhibitor $122 
chemoreflex hypocapnia as cause of 
nonuniform antagonism of hypoxic 
vasodilation 537 
effects of isoflurane and halothane 
after brain injury $133 
evoked potentials 
effect of hypocapnia on S134 
lidocaine ulnar nerve blocks alter 
responses 516 
Bupivacaine, see Anesthetics, local 
Capnograph, see Measurement 
techniques 
Carbon dioxide 
measurement, rise during apnea $153 
Carbon monoxide, see Gases, 
non-anesthetic 
Cardiopulmonary bypass, see 
Anesthesia, cardiovascular 
Catheterization, cardiac, see Heart 
Catheters, see Equipment 
Cerebral blood flow, see Brain, blood 
flow 
Children, see Anesthesia, pediatric 
Cimetidine, see Gastrointestinal tract, 
antacids 
Coagulation, see Blood 
Complications 
headache, occurrence in pediatric 
oncology patients 521 
mastocytosis, anesthetic management 
of 5117 
morbidity, anesthetic $42 
obesity 
preoxygenation S106 
ventilator settings to reduce 
hypocarbia $53 
shivering 
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in elderly patients $108 
Dantrolene, see Neuromuscular relaxants 
Diltiazem, see 
Heart 
Pharmacology 
Echocardiography, see 
Heart 
Measurement techniques 
Eclampsia, see 
Anesthesia, obstetric 
Edrophonium, see Antagonists, 
neuromuscular relaxants 
Electrocardiography, see 
Heart 
Electroencephalogram, see 
Brain 
Embolism 
air 
Bunegin-Albin CVP catheter used for 
resuscitation $7 
test for adequate Doppler 
placement 5135 
venous in total hip arthroplasty 5150 
Endobronchial, see Anesthetic techniques 
Epidural, see Anesthetic techniques 
Equipment 
catheters, arterial, sterility 5109 
endotracheal tubes, RAE and CAT 
tubes and pressure loss 511 
tubes, endotracheal, correlation of 
tube size with sore throat after 
anesthesia $155 
ventilators, effect of change in fresh gas 
flow on tidal volume S4 
Esmolol, see 
Heart 
Evoked potentials, see 
Brain 
Monitoring 
Fentanyl, see 
Analgesics 
Anesthetics, intravenous 
Gases, non-anesthetic 
carbon monoxide, effect on noninvasive 
oxygen monitoring 512 
Gastrointestinal tract 
antacids, ranitidine in children $170 
stomach, effects of sodium citrate and 
cimetidine 5147 
Geriatric, see Anesthesia, geriatric 
Halothane, see Anesthetics, volatile 
Headache, see Complications 
Heart 
arrhythmias, amiodarone 549 
contractility, intraoperative 
determination of 572 
coronary occlusion, reinfarction after 
anesthesia 595 
echocardiography, intraoperative left 
ventricular wall motion 51 
electrocardiography, comparison of lead 
systems $65 
esmolol, continuous infusion during 
cardiac operation S70 
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nifedipine, hypotension and endocrine 
response $151 
oxygenation, effects of hemodilution in 
dogs 538 , 
pacemakers 
artificial 532 
termination of atrial flutter in 
postoperative cardiac surgical 
patients 532 
Hepatotoxicity, see Liver 
Hormones 
thyrotropin releasing hormone, effect 
on cardiorespiratory potency 5132 
Hydromorphone, see Analgesics 
Hypnotics 
benzodiazepines 
midazolam as adjunct to meperidine 
postoperatively 546 
midazolam, plasma levels in pregnant 
vs nonpregnant women $167 
Hypotension, see Anesthetic techniques, 
hypotensive 
Induction 
anesthesia 
comparison of propofol, thiopental, 
and methohexital 52 
comparison of sufentanil-diazepam 
and fentanyl-diazepam S82 
thiopental vs alfentanil 5146 
anesthetic, diprivan vs thiopental 
sodium 5162 
Infection 
acquired immune deficiency syndrome 
and anesthesia personnel S126 
and operative procedures $127 
Intravenous anesthesia, see 
Anesthetic techniques 
Anesthetics, intravenous 
Intubation, tracheal 
technique, comparison of esmolol and 
fentanyl S45 
Isoflurane, see Anesthetics, volatile 
Ketamine, see Anesthetics, intravenous 
Kidney 
renal failure, occurrence after open 
heart surgery 557 
Labor, see Anesthesia, obstetric 
Laryngoscopy, see Intubation, tracheal 
Liver 
transplantation, perioperative 
neurotensin and vasoactive intestinal 
peptide levels 579 
Local anesthetics, see Anesthetics, local 
Lorazepam, see Hypnotics, 
benzodiazepines 
Lung 
edema, early detection in swine $118 
Mastocytosis, see Complications 
Measurement techniques 
echocardiography, intraoperative left 
ventricular wall motion 51 
nuclear magnetic resonance 
effect of anesthetics and sedatives 
on S56 
remote control anesthesia during S88 
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Memory 
intraoperative, evidence of partial 
recall 5154 
Meperidine, see Analgesics 
Metocurine, see Neuromuscular relaxants 
Midazolam, see Hypnotics, 
benzodiazepines 
Monitoring 
neuromuscular function, 
electromyograph vs twitch 
tension $47 
venous oxygen, role as an indicator of 
oxygenation during thoracic 
surgery 534 
ventilation, effect on patients during 
weaning from mechanical respiratory 
support S29 
Morbidity, see Complications 
Morphine, see Analgesics 
Nalbuphine, see Analgesics 
Naloxone, see Antagonists, narcotic 
Narcotics, see 
Analgesics 
Anesthetics, intravenous 
Neostigmine, see Antagonists, 
neuromuscular relaxants 
Neuromuscular relaxants 
atracurium 
and vecuronium for intubation 587 
as facilitator of endotracheal 
intubation in children $103 
clinical pharmacology of 5137 
comparison with succinylcholine 
$97 
hemodynamic effects in cardiac 
surgical patients $54 
histamine release in children S61 
priming dose 5149 
dantrolene, and hyperkalemia 5131 
measurement of response, randomized 
study of controlled hypertensives 548 
metocurine 
administration by combined bolus 
and infusion 59 
pharmacokinetics and 
pharmacodynamics of 5138 
pancuronium i 
and f-blocker interactions S73 
and reversal of neuromuscular 
blockade $59 
comparison with succinylcholine 597 
succinylcholine . 
and myalgias 5148 
and myoglobinemia in children 
undergoing isoflurane 
anesthesia 569 
B-blockade and potassium release S60 


effect on serum potassium in brain 
tumor patients $100 
vecuronium 
and atracurium for intubation 587 
and intracranial pressure S101 
cardiovascular effects on digitalized 
dogs S23 
closed-loop feedback control $45 
comparison with succinylcholine 
507 
dose-response relationship with 
phenytoin 5116 
effect of different anesthetics on 
continuous infusion 525 
effect on intraocular pressure 510 
hemodynamic effects in cardiac 
surgical patients 554 
histamine release in children S61 
priming effect in children S160 
Nifedipine, see 
Heart 
Pharmacology 
Nitroglycerine, see Anesthetic techniques, 
hypotensive 
Nitroprusside, see Anesthetic techniques, 
hypotensive 
Nitrous oxide, see Anesthetics, gases 
Nuclear magnetic resonance, see 
Measurement techniques 
Obesity, see Complications 
Obstetrics, see Anesthesia, obstetric 
Opioids, see Analgesics 
Oxygen 
saturation, effect of transit from or to 
recovery rooms on $62 
Pacemakers, artificial, see Heart 
Pain 
low back, relief by topical anesthesia of 
the sphenopalatine ganglion with 
cocaine or lidocaine S17 
Pancuronium, see Neuromuscular 
relaxants 
Pediatrics, see Anesthesia, pediatric 
Peridural, see Anesthetic techniques, 
epidural 
pH, see 
Carbon dioxide 
Gastrointestinal tract, stomach 
Pharmacokinetics 
inhalation anesthetics, effect of 
anesthetic duration on 
pharmacokinetics 526 
sufentanil, altered in burn patients S64 
Pharmacology 
amrinone, cardiovascular effects in 
dogs S91 
nifedipine, coronary hemodynamic 
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effects during isoflurane anesthesia in 
the dog $24 
verapamil, effect on cardiac 
electrophysiology in the rabbit 522 
Pituitary, see Brain 
Pregnancy, see Anesthesia, obstetric 
Premedication 
effect on arterial blood gases in cardiac 
surgical patients 5110 
to avoid stress-related increase in 
plasma B-endorphin levels $123 
Proglumide, see Antagonists, 
miscellaneous 
Propofol, see 
Anesthetics, intravenous 
Induction, anesthesia 
Protamine, see Blood, coagulation 
Ranitide, see Gastrointestinal tract, 
antacids 
Recall, see Memory 
Ritodrine, see Anesthesia, obstetric 
Serotonin 
participation in sufentanil-reduced 
MAC S5 
Shivering, see Complications 
Shunt, see 
Heart 
Oxygen, gradients 
Ventilation 
Spinal anesthesia, see Anesthetic 
techniques 
Stomach, see Gastrointestinal tract 
Stroke, see Brain 
Succinylcholine, see Neuromuscular 
relaxants 
Thiopental, see Anesthetics, intravenous 
Thyrotropin releasing hormone, see 
Hormones 
Transcutaneous, see Measurement 
techniques 
Transplantation, see Individual organs 
Tubes, endotracheal, see Equipment, 
endotracheal tubes 
Uterus, see Anesthesia, obstetric 
Valves, see Equipment 
Vaporizers, see Equipment 
Vecuronium, see Neuromuscular 
relaxants 
Ventilation 
cardiac function, comparison during 
different modes of ventilation 518 
dead space, tidal volume and 
respiratory rate S114 
high frequency, factors affecting gas 
entrainment 515 
Ventilators, see Equipment 
Verapamil, see Pharmacology 


Notes 


ANNOUNCING: 
-The new, easily 
identifiable, economical, 
shatter-resistant, 10 mi, 
multiple-dose vial 


. (100 mg atracurium besylate per vial). 


* 


* 


| 
| 
| 
| 
| 
| 


2." t Burroughs Wellcome Co. 
‘Research Triangle Park 
‘North Carolina 27709 





a 


‘ 4 H H i s 
= a M64 ub t on . . E 
3 s+ r > 
y EF MUI. EE: er he ERA * zc. A A z s " a es a? d 
a M H . t ^ A9) +, res - . "n > * pe " z A : as io 
Ns i ron * ba tac t ? + N . M ecce il ^, Li = M EM + . P v t ` 
T - » ^ Ț tu ` as LES * . Pd 4 
n ^ - 1 ` á b 
a Y © ec - eo beg 1 ay ET Au rome x b ` 5: ` n EE . 
"P f » n A » à . * 2 * . ` - . 
. ` x 
"m =, » A si . ‘ fl . ` " h ] 1 , Ux A : ; " " 
x^. ES E , : f mE. > : 5 j 2 à 
e 1 . ` " ` ta 7 fe ` a 1 
- Md - * - z . 

M S ; $5 4 E . z p 
"= * 5 07 * * * a y ps + 
‘ | , Marc 

a^ 
t $t 7 . : oiume umper 
ad? - & Hd . ` t s s 
N' x " 1 - a 
ALLES " * bd ^ a ` * 


Ld EA 
tp 


T 


iud w^ t 
` uw FEN 
af Ay SESS dm qe 
ue diri 
ME P M PES 
SORA 


FI 
a^ 


t 
& 
feos 


‘ti 
wot 
af Gyo a 
a » 
av 


en 


E 
Š 
t 


ZO a ax 
pito Nu 
> d 


> E 
e 


esearc 


p R 
H ray. 
yi , 


^ MEE 








In a 
Sleversal 
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(pyridostigmine => > 
bromide injection, USP 
when compared to neostigmine 
L1 Clinically fewer side effects 

O Significantly lower degree and incidence of: 


- 4) Bradycardia 
2) Salivation 








3) Gastrointestinal stimulation 
L Wide margin of safety” 
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Regonol (pyridostigmine bromide injection USP) 


BRIEF SUMMARY —(Please consult full package insert, 
enclosed in every package, before using Regono!) 


INDICATIONS —Pyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS — Known hypersensicivity to anticho- 
linesterase agents: intestinal and urinary obstructions of 
mechanical type. 


WARNINGS-Pyridostigmine bromide should be used with 
particular caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
caution in patients with cardiac dysrhythmias. When large 
doses of pyridostigmine bromide are administered, as during 
reversal of muscle relaxants, prior or simultaneous injection of 
atropine sulfate is advisable. Because of the possibility of 
hypersensitivity in an occasionai patient, atropine and anti- 
shock medication should.always be readily available. 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtaired prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement, respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation. If there is any doubt concerning the ade- 
quacy of recovery from the effects of the nondepolarizing 
muscie relaxant, artificial ventilation should be continued until 
all doubt has been removed. 


Use in Pregnancy— The safety of pyridost.gmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child. 


ADVERSE REACTIONS —The side effects o^ pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased peristalsis, increased saliva- 
tion, increased bronchial secretions, miosis and diaphoresis. 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash: may be 
seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication, Throm- 
bophlebitis has been reported subsequent to intravenous 
administration. 


DOSAGE AND ADMINISTRATION —When pyridostigmine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, itis recommended that atropine sulfate (0.6 to 
1.2 mg) or glycopyrrolate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with its admin- 
istration. Side effects, notably excessive secretions and 
Dradycardia, are thereby minimized, Reversal dosages range 
from 0.1-0.25 mg./kg. Usually 10 or 20 mg. c pyridostigmine 
bromide will be sufficient for antagonism of tne effects of the 
nondepoiarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients, others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained, 
recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur, e.g., in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents, 
notably ether. Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration. 

HOW SUPPLIED —Regono! is available in; 

5 mg/ml.: 2 ml. ampuls—boxes of 25 —NDOC-0052-0460-02 

5 mi, vials-—boxes of 25—NDC-0052-0460-05 
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SAN FRANCISCO: Low doses 
of SUFENT4® (sufentanil 
citrate) Injection @, given prior 
to thiopental as an adjunct to 
induction, improved hemo- 
dynamic stability and reduced 
barbiturate requirements, 
according to a study presented 
here at the 1985 Annual Meeting 
of the A.S.A. In a group of 30 
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(Abstracted from Brizgys, Morales and 
Owens, Anesthesiology 1985; 63:A377) 


LESS BARBITURATE, BETTER STABILITY 
WITH LOW-DOSE SUFENTA 


A PRACTICAL ANESTHESIA UPDATE 


SUFENTA REPORT 


JANSSEN PHARMACEUTICA INC, WINTER 1986 


adult patients who underwent 
surgery of 25 min. to 8.5 hr. 
duration, thiopental was used 
for induction, either alone 

or combined with SUFENTA. 
SUFENTA (0.5 or 1.0 ng/kg) 
reduced thiopental requirements 
by 50% to 68%, respectively, 
and the hemodynamic response 
to laryngoscopy and intubation 
was attenuated, as measured 


cardia, truncal rigidity and 
recall were not observed. 


Experience With 93 Patients Generates 
“Thumbnail” Dosage Guidelines 


was given in incremental main- 
tenance doses as needed. 





















Clinical experience with 
SUFENTA in general surgery 


revealed that total dosage The induction dose of 
requirements averaged about SUFENTA administered prior 
I ug/kg/hour or less, in surgery — to intubation reduces hyperten- 
up to 8 hours. sion and tachycardia. 


In the same patients the induc- 
tion dose averaged about 75 96 
of total dose. The remainder 


In every case, however, dosage 
should be titrated to individual 
patient needs. 






NOW SHOWING: 
AN INFORMATIVE 22-MINUTE FILM 


Benjamin J. Kripke, MD, and 
Edson O. Parker III, MD, are 
featured in the medical film 
*SUFENTA: A Practical 
Guide for General Surgical 
Procedures." The anesthesiolo- 
gists demonstrate, through 
actual hands-on experience, 


how careful dosage planning 
provides maximal hemo- 
dynamic stability throughout 
the entire procedure. To 
arrange a viewing of this film, 
please contact your local 
Janssen Representative. 

© Janssen Pharmaceutica Inc. 1986 JPI-652 
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Please see full Prescribing Information, 
including dosage, on next page. 


Adult Dosage Recommendations: A Summary 


Expected 
Duration | 


Types of 
Procedures 


Recommended 
Induction 
Dose 


Recommended 
Maintenance 
Dose 


Putting SUFENTA - 
to Work in 
Your Practice 


In actual clinical practice, when 


General Surgical Procedures 


1to2hours ` 


Total vaginal hysterectomy, gall bladder - 
surgery, bilateral inguinal hernia repair, : 


open reduction of fractures 


1to 1.5 pe/kg (1.4 to 2.1 ml fora 70kg ` 
patient), administered with N,O/O,, | 
endotracheal intubation and mechanical 


ventilation 


.10 to 25 ug (0.2 to 0.5 ml) based upon 


changes in clinical signs and patient's 


. response to initial dose 


For cases lasting 2 hours, would not 


be expected to exceed 2 pg/kg (2.8 ml for 
a 70 kg patient) when used with N,O/O, 


used in balanced general anesthe- 
sia, SUFENTA is about 10 times 
as potent as fentanyl. Thus, 1 ml 
SUFENTA (50 ug/ml) is equiva- 
lent to 10 ml fentanyl (50 ug/ml). 
Because of this potency differ- 
ence, less volume of drug is 
needed, making it especially con- 
venient for use in cardiovascular 
surgery and longer procedures. 
For accurate dosage calibration in 
shorter procedures, a tuberculin 
syringe, a 2 ml insulin syringe or 
dilution may be helpful. 


In a laboratory study, SUFENTA 
has been found to be compatible 
and stable in solution with 5 96 
glucose in water, 5% glucose in 
normal saline, lactated Ringer's 


worid leaders. 
pei in ‘anesthesia’ tasearch ^ 
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solution and normal saline (tested 
in plastic containers refrigerated 
at 4°-8°C for 24 hours followed 
by 48 hours at room temperature). 


(sufentanil citrate) 


Available in 1ml, 2 ml, 5 ml ampoules; 
boxes of ten. 


Major Surgical Procedures 
2 to 8 hours 


Major orthopedic surgery, carotid 
endarterectomy, nephrectomy, major 
abdominal surgery (e.g., colectomy) 


1 to 5 ug/kg (1.4 to 7 ml for a 70 kg 
patient), administered with N,O/O, , . 
endotracheal intubation and mechanical 
ventilation 


10 to 25 ug (0.2 to 0.5 ml) based upon 
changes in clinical signs and 
patient's response to initial dose 


For cases lasting 8 hours, would not be 
expected to exceed 8 ug/kg (11.2 ml for 


a 70 kg patient) when used with N,O/O, 


njection 





SUFENTA (sufentanil citrate) Injection (i 


CAUTION: Federal Law Prohibits Dispensing Without Prescription. 

DESCRIPTION; SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-[-4-(methoxy- 
mathyl)-1-{2-(2-thienyl)ethyl]-4-piperidinyl}-N-phenyipropanamide 2-hydroxy-1,2, 3-propanetricarboxylate (1:1). 
SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 ug per mi of 
sufentanil base far intravenous injection. The solution has a pH range of 3.5-6.0. 

CLINICAL PHARMACOLOGY: SUFENTA is an opioid analgesic. When used in balanced general anesthesia, SUFENTA 
has been reported to ba as much as 10 times as potent as fentanyl. When administered as a primary anesthetic agent 
with 100% oxygen, SUFENTA is approximately 5 to 7 timas as potent as fentanyl, (See dosage chart for more complete 
information on the use of SUFENTA.) At doses of up to 8 pg/kg, SUFENTA provides profound analgesia; at doses 
28 orig SUFENTA produces a deep level of anesthesia. SUFENTA produces a dose related attenuation of catechol- 
amine release, particularly norepinephrine. 

The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time of 1.4 
minutes, redistribution of 17.1 minutes and an elimination half-life of 164 minutes. The liver and small intestine are 
the major sites of biotransformation. Approximately 80% of the administered dose is excreted within 24 hours and 
only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA is approximately 92.5%, 
SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
storage sites allows for relatively more rapid recovery as compared with equipotent dosages of fentanyl. At dosages 
of SUFENTA of 1-2 pg/kg, recovery times are comparable to those observed with fentanyl; at dosages of >2-6 pg/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 8-30 
pg/kg of SUFENTA, recovery times are more rapid compared to equipotent fentanyl dosages. 

At dosages of 2*8 pg/kg, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic agents. 
A deep level of anesthesia is maintained at these dosages, as demonstrated by EEG patterns. Dosages of up to 
25 pg/kg attenuate the sympathetic response to surgical stress. The catecholamine responsa, particularly norepine- 
phrine, is further attenuated at doses of SUFENTA of 25-30 pg/kg, with hemodynamic stability and preservation o! 
favorable myocardial oxygen balance. 

The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during SUFENTA-oxygen 
anesthesia. The vagalytic effect of pancuronium may be reduced in patients administered nitrous oxide with SUFENTA. 
The use of moderate doses of pancuronium or of a less vagolytic neuromuscular blocking agent may be used to 
maintain a stable lower heart rate and blood pressure during SUFENTA-oxygen anesthesia. 

Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for neuro- 
muscular blocking agents are generally lower as compared to patients given fentanyl or halothane, and comparable to 
patients given enflurane. 

Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxide with 
high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output. 

Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels and no 
indication of histamine release. 

SUFENTA at 20 pg/kg has been shown to provide more adequate reduction in intracranial volume than equivalent 
doses of fentanyl, based upon requirements for furosemide and anesthesia supplementation in one study of patients 
undergoing craniotomy. Ouring caratid endarterectomy, SUFENTA-nitrous oxide/oxygen produced reductions in cerebral 
blood flaw comparable to those of enflurane-nitrous oxide/oxygen. During cardiovascular surgery, SUFENTA-oxygen 
produced EEG patterns similar to fentanyl-oxygen; these EEG changes were judged to be compatible with adequate 
general anesthesia, 

The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a slight reduction in systemic 
vascular resistance during the initial postoperative period. The incidence of postoperative hypertension, need for 
vasoactive agents and requirements für postoperative analgesics are generally reduced in patients administered 
moderate or high doses of SUFENTA as compared to patients given inhalation agents, 

Skeletal muscle rigidity is related to the dose and speed of administration of SUFENTA. This muscular rigidity may 
occur unless preventative measures are taken (see Warnings). 

Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA is used at sub-anesthetic dosages. At high doses, a pronounced 
decrease in pulmonary exchange and apnea may be produced. 

INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: 

as an analgesic adjunct in the maintenance of balanced general anesthesia. 

as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients under- 
going major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting position, 
to provide favorable myocardial and cerebral oxygen balance or when extended postoperative ventilation is anticipated. 
SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF SUFENTA. 

CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 
WARNINGS: SUFENTA should be administered only by persons specifically tralned In tha use of Intra- 
venous anesthetics and management of the respiratory effects of potent oplolds. 

An oploid antagonist, resuscitative and intubation equipment and oxygen should be readily avallable. 
SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity ot 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid onset 
than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles of the neck 
and extremities. The incidence can be reduced by: 1) administration of up to '/« of the full paralyzing dose of a non- 
depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to 8 pg/kg, 
2) administration of a full paralyzing dose of a neuromuscular blocking agent following loss of consciousness when 
SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow intravenous infusion, or, 3) simultaneous 
administration of SUFENTA and a full paralyzing duse of a neuromuscular blocking agent when SUFENTA is used in 
rapidly administered anesthetic dosages (above 8 ug/kg). 

The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate facilities 
should be available for postoperative monitoring and ventilation of patients administered SUFENTA. It is essential that 
these facilities be fully equipped to handle ali degrees of respiratory depression. 

PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in determining supplemental doses. 

Vital signs should be monitored routinely. 

Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY). 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation required should 
be considered in the selection of a neuromuscular blocking agent. 

High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia has 
been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to atropine. 

Respiratory depression caused hy opioid analgesics can be reversed by apicid antagonists such as naloxone. Because 
the duration of respiratory depression produced by SUFENTA may last longer than the duration of the opioid antagonist 
action, appropriate surveillance should be maintained. As with all potent opioids, profound analgesia is eccompanied 
by respiratory depression and diminished sensitivity ta CO, stimulation which may persist into.or recur in the post- 
operative period. Appropriate postoperative monitoring should be employed to ensure that adequate spontaneous 
breathing is established and maintained prior to discharging the patient from the recovery area. 

interaction with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous 
system and cardiovascular effects may be enhanced when SUFENTA is administered to patients receiving barbiturates, 
tranquilizers, other opioids, generat anesthetics or other CNS depressants. In such.cases of combined treatment, the 
dose of one or both agents should be reduced. 

Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries. 

Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respiratory 
reserve or potentially compro-mised-respiration. In such patients, opioids may additionally decrease respiratory drive 
and increase airway resistance. During anesthesia, this can be managed by assisted or controlled respiration. 
impaired Hepatic or Renai Function: in patients with liver or kidney dysfunction, SUFENTA should be administered 
with caution due ta the importance of these organs in the metabolism and excretion of SUFENTA. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA have been 
performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single intravenous 
doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) produced no structural 
chromosome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no mutagenic 
activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. ` s 
Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given in 
doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were most probably 
Erb toxicity (decreased food consumption with increased mortality) following prolonged administration 
of the drug. 

No evidenca of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits. 

There are no adequate and well-conttolled studies in pregnant women. SUFENTA should be used during pregnancy 
only if tha potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery. Therefore, such 
use is not recommended. 

Nursing Mathers: It is not known whether this drug is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when SUFENTA is administered to à nursing woman. 

Pediatrie Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
surgery has been documented in a limited number of cases, 

Animal Toxicology: The intravenous LO., af SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 2.8 times 
the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates dua to decreased food 
consumption and anoxia, which preclude any meaningful interpretation of the results. 

ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and skeletal 
muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory 
depression and skeletal muscle rigidity. 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: hypotension 
(7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%). 

Other adverse reactions with a reported incidence of less than 1% were: 

Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythema 

Gastrointestinal: nausea, vomiting Central Nervous System: chills 

Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 
depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule il controlled drug substance that can 
produce drug dependence of the morphine type and therefore has the potential for being abused. 

OVERDOSAGE: Overdosage would he manifested by an extension of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LD gp of SUFENTA in male rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXICOLOGY for LD.,s in other species). Intravenous administration of an opioid antagonist such 
as naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may ba longer than the duration of action of the opioid antagonist. 
Administration af an opioid antagonist should not preclude more immediate countermeasures. In the event of over- 
dosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or apnea. 
A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. If depressed 
respiration is associated with muscular rigidity, a neuromuscular blocking agent may ba required to facilitate assisted 
or controlled respiration. intravenous fluids and vasopressors for the treatment of hypotension and ether supportive 
measures may be employed. 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to body 
weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure and 
anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see 
PRECAUTIONS). 

Vital signs should he monitored routinely. 

See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 pg/kg as an analgesic 
adjunct to general anesthesia, and 2) in doses 28 pg/kg as a primary anesthetic agent for induction and mainte- 
nance of anesthesia with 100% oxygen. 

Usage In Children: For induction and maintenance of anesthesia in children less than 12 years of age undergoing 
cardiovascular surgery, an anesthetic dose of 10-25 pg/kg administered with 100% oxygen is generally recommended. 
Supplemental dosages of up to 25-50 ug are recommended for maintenance, based on response to initial dose and 
as determined by changes in vital signs indicating surgical stress cr lightening of enesthesia. 

Premedication: The selection of preanesthetic medications should be based upon the needs of the individual patient. 
Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with the 
patient's condition, taking into account the hemodynamic effects of a particular muscle relaxant and the degree of 
skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 


ADULT DOSAGE RANGE CHART 


TOTAL DOSAGE MAINTENANCE DOSAGE 


ADMINISTRATION WITH NITROUS OXIDE/OXYGEN FOR SURGICAL PROCEDURES 
LASTING UP TO EIGHT HOURS: 


* TOTAL DOSAGE REQUIREMENTS OF 1:G/KG/HR OR LESS ARE RECOMMENDED 


1-2 ug/kg: Expected duration of anesthesia 1-2 | 10-25 ug (0.2-0.5 mi): as needed when movement 
hours. Approximately 75% or more of total SUFENTA | and/or changes in vital signs indicate surgical stress 
dosage may be administered prior to intubation, | or lightening of analgesia. Supplemental dosages 
Administered with nitrous oxidefoxygen in patients | should be individualized and adjusted to remaining 
undergoing general surgery in which endotracheal | operative time anticipated. 

intubation and mechanical ventilation are required. 


2-8 ug/kg: Expected duration of anesthesia 2-8 
hours. Approximately 50 to 75% of total SUFENTA 
dosage may be administered prior to intubation. 
Administered with nitrous oxide/oxygen in patients 
undergoing more complicated major surgical proce- 
dures. At dosages in this range, SUFENTA has been 
shown to provide some attenuation of sympathetic 
reflex activity in response to surgical stimuli, provide 
hemodynamic stability, and provide relatively rapid 
recovery. 






















10-50 pg (0.2-1 ml): as determined by changes in 
vital signs that indicate stress or lightening of anal- 
gesia. Supplemental dosages should be individual- 
ized, and adjusted to the remaining operative time 
anticipated. 


ADMINISTRATION WITH 100% OXYGEN 


8-30 pg/kg: (anesthetic doses} administered with | 25-50 pg/kg (0.5-1 mi): as determined by changes 
100% oxygen and a muscle relaxant. SUFENTA has | in vital signs that indicate stress and lightening of 
been found to produce sleep at dosages B pa/kg | anesthesia. 
and to maintain a deep level of anesthesia without 
the use of additional anesthetic agents. At dosages 
in this range of up to 25 pg/kg, catecholamine 
release is attenuated. Dosages of 25-30 pg/kg have 
been shown to block sympathetic responses including 
catecholamine release. High doses are indicated in 
patients undergoing major surgical procedures, such 
as Cardiovascular surgery and neurosurgery in the 
sitting position with maintenance of favorable myo- 
cardial and cerebral oxygen balance. Postoperative 
mechanica! ventilation and observation are essential 
at these doseges due to extended postoperative 
respiratory depression. 























In patients administered high (anesthetic) doses of SUFENTA, it is essential that qualified personnel and adequate 
facilities are available for the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

For purposes of administering small volumes of SUFENTA accurately, the use of a tuberculin syringe or equivalent 

is recommended, 

Parenteral drug praducts should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container permit. 

HOW SUPPLIED: SUFENTA (sufentanit citrate) Injection for intravenous use is available as: 

NDC 50458-050-01 — 50 pg/ml, 1 ml ampoules in packages of 10 
NDC 50458-050-02 50 ug/ml, 2 ml ampoules in packages of 10 
NDC 50458-050-05 — 50 ug/mi, 8 m! ampoules in packages of 10 


mal JANSSEN 
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PHARMACEUTICA 


Jenssen Pharmaceutica Inc. 
Piscataway, NJ 08854 


Protect from light. 
Store at room temperature, 


U.S Patent No. 3,998,834 
7618503-M 
May 1984, January 1988 


* e hos 


. Continuous 0,/CO,, ^ © 2 2 o0 5 


Monitoring Report #4: - : + cee 


‘Subject: Simple, low-cost pulse ” 
-oximetry monitoring for timely . P as 
l hypoxemia detection: : 
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n 
ulse oximetry is a noninvasive tech: - 
nique for assessing patient i 
oxygenation. 
An oximeter determines percentage 
hemoglobin saturation. by measuring. 
the absorbency of two different wave- _ 
lengths of light passed througha © | 
pulsating arterial vascular bed. By ~ . 
comparing the ratios of the pulse ... 
amplitudes from each light, SaO, may: 
be calculated under a wide range of Wo 
hemodynamic conditions. 
The use of pulse oximetry during i rou- | 
tine anesthesia allows early recog-: 
nition of hypoxemia permitting quick ' | 
response to improve oxygenation. -` | 
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| digital electronic cir- 
'cuitry is entirely main- 


s Model 500 Pulse oximeter 





ma ee 
we 


A 





Peo K BE Wu 


Accurate und reliable, pulse oximetry. represents a significant: 


advance in anesthesia monitoring. In designing the Model 500 


Pulse Oximeter, Novametrix retained the accuracy and reliability 
of earlier units, but added two vital elements: ease of use and 
low cost. w^ C NE 

The microproéessor- -controlled Novametrix 500 Pulse 
Oximeter needs no Cali- . | 
bration or warm-up. Its , 


* 


- “The Novametrix 500 is 
:a simple, inexpensive 





X9ngnoe- eG | 
Setup is .fast. Just . 


‘push the power switch ` means of monito ring 
andtheunitpetormsa Oxygenation to reduce 
quick self-didgnostic^ “the incidence of dnes- 
check: Then the 500's-:- 

programmed menu quick- . thetic mishap during 
lyhelpsyousetthehigh. routine: procedures." | 


and low SaO, and pulse 
rate limits.‘ -Once the 





. limits are set they are '; | | 
. constantly visible: And the Novametrix -500 kns them in 
memory indefinitely—for weeks or even months—until you 
decide to change them. — 


Operation is just as simple, with easy-to-read displays of O, 


.Sáturation and pulse rate. A message center displays a bar graph 


of pulse amplitude as well as providing specific information 
regarding any alert condition..In addition, there's an‘ audible 
pulse signal thatchangesi in tone—up or down to reflect changes 


| in SaO,—so you can keep your eyes on the patient. 


" The .Novametrix. 500 Pulse - Oximeter is small, lightweight 


(under: 101bs:), and. 'operates fora full 20 hours on a single battery 


recharge. (Not just an hour or two: of battery M power like | 


R most other oximeters:) 


.. Novametrix finger, ear, and versatile flexible sensors are small, 

"4 | ruggedly built, and designed for easy applica- 
x “ tion to patients.of all.ages: And Novametrix' 
~ unique selectable response time: eliminates - 

false alerts due to motion artifact. . 

For full technical détails—and the 
surprisingly: low price—write Novametrix 
:. Medical Systems Inc., 1 Barnes" Industrial 
- Park Road, P.O.Box: 690, . Wallingford, CT 

a 06492. Or call us toll-free at DEM 
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"A ” Pulse Oximelry. 
^" End Tidal CO, ; 

Transcutaneous O;/CO, ` 

“Three focnniologies: one source. 
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60th CONGRESS 


T. H. SELDON DISTINGUISHED LECTURE 


“Excellence Achieved” 


To be presented Monday, March 17, 1986 by 


J. Alfred Lee, FFARCS, FFARCS (D 


Honorary Consulting Anaesthetist 
to the Southend-on-Sea Hospital 
Essex, England 





If anesthesia had an Olympiad, Dr. J. Alfred 
Lee would be a three-time medalist, having 
been thusly honored by the Royal Society of 


T. H. Seldon, MD, FFARCS(D 


Rochester, Minnesota/Sun City, Arizona 





Medicine, the Royal College of Surgeons, and 
the European Society of Regional Anesthesia. 


These honors derive from his long and dis- 
tinguished career: as a consultant anesthetist 
at the Southend General Hospital, where he 
founded Britain's first Anaesthetic Out- 
Patient Clinic in 1948, and its first Postoper- 
ative Observation (Recovery) Room in 1959; 
as a prolific author—his works include “The 
Synopsis of Anaesthesia," now in its tenth 
edition; and as president of the Anaesthetics 
Section of the Royal Society and of the As- 
sociation of Anaesthetists of Great Britain and 
Ireland. 


The Lecture title was deliberately chosen by 
Dr. Lee as a "sequel" to the 1985 Seldon Lec- 
ture entitled "Standards for Excellence." As 
a scholar who “would like to be known as a 
clinical anaesthetist,” we know he will feel 
very much at home with the audience he will 
address at our 60th Congress. 


In addition to his long tenure as Editor of 
Anesthesia and Analgesia, Dr. Harry Seldon 
served as Program Chairman for 15 of the 60 
IARS Congresses. Not only will the Diamond 
Anniversary meeting be special to him on that 
account, but it will allow a “class reunion” of 
sorts with Dr. Lee. They last met in 1970 when 
both were made Honorary Fellows of the Fac- 
ulty of Anaesthetists of the Royal College of 
Surgeons (Ireland). 


rome e 6 EAC Tidal CO, 


Subject: Cost-effective capno- 
graphy for the OR; calibration . 7 NC VAM ETR IX 4 2 
and condensation problems - 


solved. 
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Capnography in the OR used to mean long warm-up periods, 


bon dioxide by a modern on-line. sampling circuit clear of moisture. 


. analyzer provides a close approx- 
imation of alveolar partial pressure 
of CO. 

Continuous measurement of 

ETCO, in the OR allows up-to-the- 

minute assessment of the ade- ` 

| quacy of ventilation, and assists in 

the timely diagnosis of intraopera-  ! 
tive problems or metabolic trends 
allowing early intervention to pre- 

| vent adverse outcome. | 
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Thanks to microelectronic technology, this is no longer the 
case. And none of the newer ETCO; monitors use this 





The measurement of end tidal car- tedious calibration sessions, and a constant struggle to keep the 
the Novametrix 1250. 


. But while the elec- "An end fidal 
‘tronics of. the Cap- »monifor you 


| 
| 
nogard™ 1250 are com- 
. plex theyactualymake dont need 
the monitor simpler to to calibrate? 


use. Push the system 

"power switch and the Yes. The | 
unit is up and monitor- r 
ing tn less than two Capnogar d 1250 
minutes. Anditsinnova- . from Novametrix." 
tivemicroprocessorcon-  , 
trol system keeps it that 
way, ensuring continuous reliable operation. 

The designers of the Capnogard noted how moisture prob- 
lems overwhelmed the water traps of even the best end tidal 
monitors. So they developed a dehumidification interface kit with 
a semipermeable tube drying system and a built-in disposable 

. particulate filter. Then they incorporated a front panel accessible 
Sample chamber that could be manually cleared in under a 
minute right in the OR. Moisture a problem with your end tidal 
monitoring? Not if you're using the Capnogard 1250. 

And, thanks to the 1250's unique auto-zeroing system, you can 
forget about time-consuming daily calibration sessions. (Semi- 

. annual reverification of calibration is recommended.) 

. .Unlike many CO, analyzers, the 1250 was designed with the 

‘OR in mind. So you'll find features like direct measurement of 





N,O; automatic and continuous N,O com- 
pensation; large LED readouts; apnea alert; 
two-minute silence, audio off, and alert reset 
buttons; sample exhaust for gas scavenging; 
and analog outputs for recorder and scope 
displays. | 

For details on the Capnogard 1250—and its 
surprisingly low price—write Novametrix 


. Medical Systems Inc., 1 Barnes Industrial 
. Park Road, P.O. Box 690, Wallingford, CT 


06492. Or call us toll-free at 1-800-243-3444. 


Pulse Oximetry. 
End Tidal CO.. 
Transcutaneous O;/CO,. 


Three technologies...one source. 
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Soothing news for busy anesthesiologists 





Dr. Smith was having another busy day in surgery. 
One Swan-Ganz placement had been unusually 
time-consuming. Plus the patient had been difficult 
to intubate. To top it off, the pump time had 

been excessive. 


Down the hall, Dr. Jones had a marathon case 
involving a young woman undergoing a tuboplasty 
for infertility. Finally, 51⁄2 hours later the surgeons 
were closing the skin. He heaved a sigh of relief and 
automatically leveled the table from the previous 
several hours where the Trendelenberg position 

had been necessary. 


But these two stories don’t end here. About 28 days 
later, both patients had a bald spot about the size 

of a silver dollar at the occiput. . . exactly where their 
heads were resting on the table for hours on end. 
They were each advised by their surgeons that they 
had a 50% chance of their hair growing back within 
the next year. But there was an equal chance that 
their hair wouldn’t grow back at all. The 
anesthesiologists on both cases were never told 

of the problem. 


The ProPillow 
takes the pressure off 


The ProPillow Anesthesia Pillow helps ‘‘take off 
the pressure” to the circulation of the face and 

scalp during prolonged anesthesia. It’s unique ‘‘hills 
and valleys" construction creates a protective effect 
by evenly distributing the weight of the head and 
neck. Result: no more pressure in one area greater 
than any other area. And those precipitous swings in 
blood pressure are less likely to result in ischemia 

to the scalp. All this lessens the chance of 

post-op alopecia. 


The ProPillow 
: Anesthesia Pillow 








The end of the juggling act 


The ProPillow lets you off gracefully from attempts 
to juggle the heavy head (10 Ibs.) during intubation. 
The ProPillow Anesthesia Pillow stabilizes (by gently 
gripping) the patient's head in the neutral, ‘‘sniffing’’, 
position. It even helps free up one of your hands 
when you're using a mask for short cases. 


the ProPillow 
Anesthesia Pillow 
stabilizes the head, 


supports the neck 
and helps take the 
pressure off. 


An eye for details 


Awake patients really appreciate the comfort of the 
ProPillow Anesthesia Pillow. Especially the eye 
patients who are undergoing removal of cataracts 
with intra-ocular lens implants. And the ProPillow 
fits inside the frame used by Opthalmologists during 
this tedious microsurgery. Less squirming. . .and 
possibly sedation required. 


And the price is right 


Because of the ProPillow's reasonable price, some 
say we should call it disposable. But it is made to last 
for up to 50 cases. You can use a nurse's bouffant 
cap to cover the ProPillow. Or even spot wash and 
air-dry it. It's made from a bright blue, breathable, 
resilient polyurethane foam that’s 100% non-allergenic 
and non-irritating to skin. 


It's easy to order the ProPillow Anesthesia Pillow! 
Call us TOLL FREE at (800) 227-0517 outside 
California, or (800) 554-5541 inside California. Or, 
give this page to your head nurse or purchasing 
agent to get the ProPillow promptly. We ship 
within 24 hours. *Pediatric Size available, 

ask for details. 

ProTechPacific 

1221 Andersen Drive 

San Rafael, CA 94901 


Makers of the ProPlliow Anesthesia Plilow, NECK-PIL-O Neck Support Pillow, 
DIXSEY Hip Abduction plilow and the new STRAPEZE *Velero Endotracheal Tube stabllizer. 


Continuous O;/CO, 
Monitoring Report #3 e 


Subject: Compact, easy-to-use E 
P,,O2 monitoring for OR patients. E 


NOVAMETRIX 811 


Along with a growing recognition of the usefulness of 


"PO; is a useful variable 
because it is a noninvasive 
'giobal' monitor of patient 


continuous gas monitoring during surgery came the need 
fora cost-effective P „O, monitor suitable for routine use on 
patients in the OR. The Novametrix 811 monitor meets 


oxygenation. it can give an early. 
warning of decreasing oxygen 
delivery, thus allowing the 


that need. 
Simplicity is a key 





eer eamat ae ma Movamerrix 
“PO monitoring proved also to chi de ea 811 is the first 

for mpending hypoxemia and matic air calibration l'an scufaneous 
enapan erene buon ard youre monitor fo deal 
therapeutic intervention.” ? And Novam obi Wilh the special 
"oun d Cineal Moa E T knows that space is requirements of 


scarce in a crowded 
OR, so the 811 is 
compact and can be 
equipped for pole 
mounting. The 811 is also a true portable transcutaneous 
monitor, and may be operated on AC power or on its 
rechargeable gel cell for up to eight hours between 
recharges. 

An eight-position temperature selection switch offers a 
choice of sensor temperatures for operation. Visual display 
of both actual and selected temperature provides reassur- 
ance of proper sensor operation. And while we're talking 
about sensors, remember that Novametrix sensors are 
recognized fortheir rugged construction and durability, so 
you can count on their withstanding the occasional rough 
handling they'll receive in the OR. 

For complete information on the Novametrix Model 811 
"abs O, monitor, along with details on its 
surprisingly low price, call us toll-free at 
1-800-243-3444. Or write Novametrix 

| Medical Systems Inc., 1 Barnes Industrial 
1 Park Road, P.O. Box 690, Wallingford, 
| CT 06492. 


430-434 (1985). 
- 2 Chubra-Smith, N.M. M.D., ef. al. Anesthesia/ 
Analgesia ós: 185-304 (1985). 


all OR patients.” 
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Three technologies...one source. 


NOWAMETRIX 


Anaquest 
introduces 


Enlon 


(edrophonium chloride 
injection, USP) 


A rapid-acting 
neuromuscular reversal agent _ 
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From the developers of 
Ethrane enuas and Forane fsosurane) 


Anaquest 


2005 West Beltline Highway 
Madison WI 53713 2318 

608 273 0019 800 ANA DRUG 
A Division of BOC inc 
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' /.* Significantly fewer muscarinic side effects and lower atropine;//;''. 5; 


EE May be the preferred reversal agent for atracurium and vecuronium Ped 


' *Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for ene 
: , and 69 minutes for neostigmine. : 





60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'^ 








e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.” 


requirement than with neostigmine—edrophonium, 0.5 mg/kg, with p 
only 7 uglkg atropine, produced minimal change in heart rate or mean vid 
arterial pressure compared to noticeable changes in both indexes: "à iu 


following neostigmine, 0.04 mg/kg, using twice. the atropine dose | | e : n 


^ (15 ugfkg).* x we 


:. compared with neostigmine, edrophonium has a more complete" : | 3 
- spectrum of atracurium reversal characteristics, and...antagonizes | iU n 
more rapidly residual atracurium-induced neuromuscular blockade." ' | 


"Edrophonium may in fact be the preferred reversal agent for routine * | 
use with [vecuronium], having the advantages that restoration of:, '' ..'; 


"' voluntary muscle function is very rapid, and that the relatively small PX 


dose of atropine required minimizes the unwanted side-effects of. |. i. 
this drug." EE 


'1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. ee en 


57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 


,^ 41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. . .' 


Br J Anaesth 56: 1453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 
and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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 Enlon (edrophonium chloride injection, USP) Ooo | | in 


DESCRIPTION 

ENLON (edrophonium duidride injection, USP) is a rapid acting cholinergic 
{cholinesterase inhibitor). -Chemically edrophonium chioride is ethyl 
(m-hydroxyphenyl) dimethylammonium chloride and its structural formula is: 


E 


— N — iCH3 Ci ~ 
+ 


C 


ENLON contains in each mL of sterile solution: 

. 10 mg edrophonium chloride compounded with 0.45% phenol and 0.2% sodium sulfite 
as preservative, buffered with sodium citrate and citric acid. Its pH is adjusted to 
approximately 5.4. 


CLINICAL PHARMACOLOGY . . 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transmission 
primarily by inhibiting or inactivating acetylcholinesterase. By inactivating the acetyl- 
cholinesterase enzyme, acetylcholine is not hydrolyzed by acetylcholinesterase and 
is thereby allowed to accumulate. The accumulation of acetylcholine at the sites of 
.cholinergic transmission facilitates transmission of impulses across the mycneural 
junction. 


INDICATIONS AND USAGE 

'ENLON (edrophonium chloride injection, USP) is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarine, metocurine, 
atracurium, vecuronium, or pancuronium. It is not effective against depolarizing 
relaxants such as succinylcholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage. 
ENLON is recommended for use in the'differential diagnosis of myasthenia gravis. 
It may also be used as an adjunct to evaluate treatment requirements of the d: sease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 

ENLON (edrophonium chloride injection, USP) is not to be used in patients with «nown 
hypersensitivity to anticholinesterase agents, or in patients having urinary obstruc- 
tions of mechanical type. 


WARNINGS 


It is recommended that 1 mg atropine sulfate should be made available for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonmm chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
of edrophonium chloride have been reported. It is postulated that these are vagotonic 
effects. - 


PRECAUTIONS 

General: Às with any antagonist of nonaenolansing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiratory assistance. Should a patient develop 
“anticholinesterase insensitivity” for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or withheld 
until the patient again becomes sensitive to them. 

* Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are also on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) symptoms 
may mimic underdosage (myasthenic weakness) so the use of this drug may worsen 
the condition of thase patients (see OVERDOSAGE section for treatment). 
Pregnancy Category C: It is not known whether ENLON (edrophonium ckloride 
injection, USP) can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity, since there have been no adequate and well controlled 
studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, cn the 
duration of labor or delivery, on the possibility that forceps delivery or other intarven- 
tion or resuscitation of the newborn will be necessary is not known. The effect of the 
drug on the later growth, development and functional maturation of the child is also 
unknown. 

Nursing Mothers: The safety of ENRON during lactation in humans has not been 
established. ; 


ADVERSE REACTIONS : 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chloride 
injection, USP) should be observed for bradycardia or cardiac standstill and cholinergic 
reactions if an overdosage is given. Reactions common to anticholinesterase agents 
such as edrophonium chioride are: 

Cardiovascular: arrhythmias (especially. bradycardia), fall n output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia; 

Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps; 

Musculoskeletal: weakness and fasciculations; i 
Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
Pupilsty constriction, diplopia, and conjunctival hyperemia. 


pU 5 
` 2005 West Beltline Highway pius AAA 
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OVERDOSAGE l . 


' Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 


and salivary secretions and bradycardia} may appear with overdosage {cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by the 
use of atropine. Obstruction of the airway by bronchial secretions can arise and may 
be managed with suction (especially if tracheostomy has been performed) and by the 
use of atropine. Signs of atropine overdosage such as dry mouth, flush and tachycar- 
dia shouldbe avoided as tenacious secretions and bronchial plugs may form. Should 
edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. f 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 

ad POR adult intravenous injection for antaganism of neuromuscular 
ock: 

Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage may 

be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is manifest 

within 30 to 60 seconds after injection. Response should be monitored carefully and 

assisted ventilation should always be employed. When given to counteract muscle 


' relaxant overdosage, the dose effect on respiration should be observed prior to repeat 


dosages and assisted ventilation should be employed. 


ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 


Adults: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON and 
an intravenous needle; intravenously inject 0.2 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a chalinergic reaction ‘muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the remain- 
ing 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may be repeated 
after one-half hour. 

Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If hyperreac- 
tivity (cholinergic reaction) is demonstrated, retest the patient after one-half hour with 
another intramuscular injection of 0.2 mL (2 mg) ENLON. This will eliminate the 
possibility of false-negative reactions. 


Children: 

Intrsvenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 0.5 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mg). 

Intravenous dose in children weighing above 75 pounds: 

Intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg). 

Intramuscular Dose: Intramuscularly inject 0.2 mL (2 mg) ENLON in children weighing 
up to 75 pounds; above this weight, the dose is 0,5 mL (5 mg). All signs of hyperreac- 
tivity (cholinergic reaction) noted in the intravenous test will be demonstrated in the 
intramuscular test; however, there is a two to ten minute delay before reaction. 


ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 


' The test dose of ENLON should follow one hour after oral intake of the drug being 


used to treat the disease. The recommended dose is 0.1 mL <o 0.2 mL (1 mg to 2 mg) 
administered intravenously. Response to ENLON test dose in treated myasthenic 
patients 15 summarized as follows: 


" Undertreated patient: Myasthenic response; characterized by increased muscle 


strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb strength). 
This indícates inadequate treatment of the myasthenic condition. 

Controlled patient: Adequate response; characterized by no change in muscle strength 
with minimal side reactions (lacrimation, diaphoresis, salivacion, abdominal cramps, 
nausea, vomiting, diarrhea). Fasciculations (orbicularis oculi, facial muscles, limb. 
muscles) may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response; characterized by decreased muscle strength 
and severe side reactions. Fasciculations may be observed. This response occurs in 
myasthenics who have been overtreated with anticholinestarase drugs. : 


ENLON (edrophonium chloríde Injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory distress 
with inadequate ventilatory exchange, and unpredictable response ta medication. If 
the patient is apneic, achieve ventilatory exchange immediately to avoid cardiac 
arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered, Whereas, 
upon administration of ENLON the myasthenic patient will demonstrate improved 
respiration and can be given additional medication. To perform the test prepare a 
syringe with 0.2 mL (2 mg) ENLON and intravenously inject 0.1 mL (i mg). The 
patient's cardiac and respiratory actions should be observed for change. The remain- 
ing 0.1 mL (1 mg) may be injected after one minute if no response is noted. If, after 
the entire 0.2 mL (2 mg) dose has been injected, no improvement in respiration occurs, 
discontinue all anticholinesterase drugs. Controlled ventilation can be achieved by 
tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chloride injection, USP); . 
NDC 10019-873-15 15 mL multidose vials. : 2-85 
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Instead of catecholamines 
_-for the short-term management of heart failure 
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A major advance 
toward better 
inotropic therapy 


Ini efficient 


NOCOF \ 


(AMRINONE) 


Instead of catecholamines 


for the short-term 
management of heart failure 





© Independent of the effects of 
digitalis and catecholamines 


© Hemodynamics rapidly improved 


© Heart rate and blood pressure 
not significantly changed... 
has not been shown to increase risk 
of arrhythmias (see precautions) 


o Can be used in patients with 
myocardial ischemia 


o Benefits sustained during therapy.. 
no evidence of tachyphylaxis 


o Easy to administer 


Patients receiving INOCOR should be carefully 
monitored with the following laboratory studies: 
platelet counts, liver enzymes, fluid and electrolyte 
changes, and renal function. Hypokalemia should 
be corrected by potassium supplementation 

in advance of or during amrinone use. 


l. Benotti JR, Grossman W, Braunwald E, et al: Effects ofamrinone on myocardial energy 
metabolism and hemodynamics in patients with severe congestive heart failure due to 
coronary artery disease. Circulation 1980;62:28-34. 


Please see brief summary of product information on this page for contraindications, adverse 
reactions, patient selection, and precautionary recommendations. 


| Winthrap Breon | 


Winthrop-Breon Laboratories, Division of Sterling Drug Inc., New York, NY 10016 61065 


INOCOR lactate injection, brand of amrinone lactate, represents a new class of ca 
inotropic agents with vasodilator activity, distinct from digitalis glycoside 
catecholamines. ` 

INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short. 
management of congestive heart failure in patients who can be closely monitorec 
who have not responded adequately to digitalis, diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of cor 
tive heart failure. Because of limited experience and potential for serious ady 
effects (see ADVERSE REACTIONS), INOCOR should be used only in patients whe 
be closely monitored and who have not responded adequately to digitalis, diure 
and/or vasodilators. Although most patients have been studied hemodynamical 
periods only up to 24 hours, some patients were studied for longer periods 
demonstrated consistent hemodynamic and clinical effects, The duration of the 
should depend on patient responsiveness. ; 

CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
are hypersensitive tO it. 

itis also contraindicated in those patients known to be hypersensitive to bisul 
PRECAUTIONS General: INOCOR lactate injection should not be used in patients 
severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruct 
Like other inotropic agents, it may aggravate outflow tract obstruction in hypertic 
subaortic stenosis. ; 

During intravenous therapy with INOCOR lactate injection, blood pressure 
heart rate should be monitored and the rate of infusion slowed or stopped in pat 
showing excessive decreases in blood pressure. 

Patients who have received vigorous diuretic therapy may have insutfi 
cardiac filing pressure to respond adequately to INOCOR lactate injection, in v 
case cautious liberalization of fluid and electrolyte intake may be indicated. 

Supraventricular and ventneular arrhythmias have been observed in the 
high-risk population treated. While amrinone per se has not been shown t 
arrhythmogenic, the potential for arrhythmia, present in congestive heart failure i 
may be increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVE 
REACTIONS). 

LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and 
function should be carefully monitored during amrinone lactate therapy. Improver 
in cardiac output with resultant diuresis may necessitate a reduction in the do: 
diuretic. Potassium loss due to excessive diuresis may predispose digitalized pat 
to arrhythmias. Therefore, hypokalemia should be corrected by potassium su: 
mentation in advance of or during amrinone use. © 

DRUG INTERACTIONS in a relatively limited experience, no untoward clinical r 
festations have been observed in patients in whom INOCOR lactate injection was: 
concurrently with the following drugs: digitalis glycosides, lidocaine, quinidine, n 
prolol, propranolot, hydralazine, prazosin, isosorbide dinitrate, nitroglycerine; chior 
done, ethacrynic acid, furosernide, hydrochlorothiazide, spironolactone, capt 
heparin, warfarin, potassium supplements, insulin, diazepam. 

One case of excessive hypotension was reported when SImnnone was | 
concurrently with disopyramide. 

Until additional experience is available, concurrent administration with Norp: 
disopyramide should be undertaken with caution, 

USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is notrecommended for u 
acute myocardial infarction. 

USE IN CHILDREN Safety and effectiveness in children have not been establishe 
USE IN PREGNANCY Pregnancy category C: In New Zealand white rabbits, amri 
has been shown to reduce fetal skeletaland gross external malformations at oral d. 
of 16 mg/kg and 50.mg/kg that were toxic for the rabbit, Studies in French Hy/Cr ral 
using oral doses up to.32 mg/kg/day did not confirm this finding, No malforma 
were seen in rats receiving amrinone intravenously at the maximum dose t 
15 mg/kg/day (approximately the recommended daily IV dose for patients with 
gestive heart failure). There are no adequate and well-controlled studies in prec 
women. Amrnone should be used during pregnancy only if the potential be 


` justifies the potential risk to the fetus. 


USE IN NURSING MOTHERS Caution should be exercised. when amino 
administered to nursing women, since it is not known whether itis excreted in hc 
milk, 

ADVERSE REACTIONS Thrombocytopenia: intravenous INOCOR lactate inje 


_tesulted in platelet count reductions to below 100 000/mm? in 2.4% of patients. 


Gastrointestinal effects; Gastrointestinal adverse. reactions reported with INO 
lactate injection during clinical use included nausea (1.7%), vomiting (0.9%), abdor 
pain (0 4%), and anorexia (0.4%). 
Cardiovascular effects: Cardiovascular adverse reactions reported with INO 
lactate injection include arrhythmia (3%) and hypotension (1.3%), 
Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg 
amrinone showed dose-related hepatotoxicity manifested either as enzyme elev. 
or hepatic cell necrosis or both, Hepatotoxicity has been observed in man follo 
long-term oral dosing and has been observed, ina limited experience (0.2%),-follo 
IV administration of amrinone. - 
Hypersensitivity: There have been reports of several apparent hypersensitivity 
tions in patients treated with oral amrinone for about two weeks. Signs and symp 
were variable but included pericarditis, pleuntis, and ascites (one case); myositis 
interstittal shadowing on chest x-ray and elevated sedimentation rate (one case) 
vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (one case) 
first patient died, not necessanly of the possible reaction, while the last two rest 
with discontinuation of therapy. None of the cases were rechallenged, so attributi 
amtinone is not certain, but possible hypersensitivity reactions should be consider 
any patient maintained for a prolonged period on amrinone. 
General. Additional! adverse reactions observed in intravenous amrinone cli 
a include fever (0.9%), chest pain (0.2%), and burning at the site of inje 
(0.2%) 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypoter 
because of its vasodilator effect. If this occurs, amrinone administration shoul 
reduced or discontinued No specific antidote is known, but general measure 
circulatory support should be taken. 
MANAGEMENT OF ADVERSE REACTIONS P/atelet count reductions: Asyn 
matic platelet count reduction (to less than 150,000/mm?) may be reversed withir 
week of a decrease in drug dosage. Further, with no change in drug dosage, the c 
may stabilize at lower than predrug levels without any clinical sequelae. Predrug plz 
counts and frequent platelet counts during therapy are recommended to ass 
decisions regarding dosage modifications 

Should a platelet countless than 150 ,000/mm? occur, the following actions rn 
considered: 
* Maintain total daily dose unchanged, since in some cases counts have € 

stabilized or returned to pretreatment levels. — ' 
ə Decrease total daily dose. 
¢ Discontinue amrinone if, in the clinical judgment of the physician, risk exceed: 
potential benefit. 

Gastrointestinal side effects: While gastrointestinal side effects were seen infrequ 
with IV therapy, should severe or debilitating ones occur, the physician may wt! 
reduce dosage or discontinue the drug based on the usual benefit-to 
considerations. 
Hepatic toxicity: In clinical expenence to date with IV administration, hepatotoxicit: 
rately been observed. if acute marked alterations in liver enzymes occur togethel 
Clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amri 
therapy should be promptly discontinued. 

if less than marked enzyme alterations occur without clinical symptoms, t 
nonspecific changes should be evaluated on an individual basis. The clinician 
wish to continue amrinone and reduce the dosage or discontinue the drug base 
the usual benefit-to-risk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing INO 
5 mg/mL, box of 5 (NOC 0024-0888-20). Each 1 mL contains INOCOR la 
equivalent to 5-mg base and 0.25 mg sodium metabisullite in water for injection. 
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ItC an MakeThe Critical Difference 
NEUROTRAC 


For early detection of neurological change 

A cerebral activity monitor should be in your operating room, 
recovery room. or any critical care area. Now it can be. NEUROTRAC 
is the most convenient device ever developed to accurately monitor 
cerebral activity. Using easily interpreted processed EEG, NEUROTRAC 
allows you to detect changes in EEG which can be caused by ischemia 


or other factors, thereby providing added protection. NEUROTRAC is in T. 
routine use on a worldwide basis during: N KERSE 
[ carotid endarterectomy 

[ cardiopulmonary bypass e,9 

[J induced hypotension i g 

C barbiturate coma , 1t S AG e 

LJ other conditions which could result in cerebral hypoxia 

Nicolet 


Neurotrac! 





Your Needs. NEUROTRAC'S automatic printout and multiple display 
formats supply the right information in the right form for you. 
Neurotrac's somatosensory evoked potential option allows assessment 
of the functional integrity of neural pathways in orthopedic and 
neurosurgical procedures. 

Your space. NEUROTRAC'S compact size fits easily into the OR or ICU. 
Your budget. NEUROTRAC provides critical information at substantially 
less cost than conventional EEG. 


For more information 
call TOLL FREE 1-800-356-0007 


Nicolet Biomedical Instruments iE LU NI l 
5225-4 Verona Road, Madison, WI, USA 53711,608/271-3333, TWX 910-286-2711. Sales and Service ICO et 


Offices Woridwide, Subsidiary Offices: Canada, France, Germany, Japan, Mexico, The Netherlands and E | ectro p h y S i O 1 O g y 


United Kingdom. 
Yesterday, Today, Tomorrow AI 
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Double-blind study of 41 patients undergoing 
hysterectomy. Twenty-one patients received 5 mg 
INAPSINE shortly after surgery began, while 20 
patients received placebo. Postoperative emesis 
was rated according to an emetic scoring system. 
Patients receiving INAPSINE had significantly less 
frequent and less severe nausea, retching and 
vomiting during the first 12 postoperative hours. 


INAPSINE vs placebo: mean total emetic scores. The lower 
the score, the fewer and less severe the incidents of eme- 
sis. (Adapted from Patton CM Jr, Moon MR, Dannemiller FJ 1) 


Mean Emetic Score 


Before prescribing please consult complete prescribing information, 

of which the following is a brief summary. 

Protect from light. Store at room temperature. 

FOR INTRAVENOUS OR INTRAMUSCUL AR USE ONLY. 

Droperidol is a neuroleptic (tranquilizer) agent. 

DESCRIPTION: 2 mi. and 5 mi. ampoules: Each mi. contains 

Droperidol 2.5 mg. and lactic acid for pH adjustment to 34 3- 04 

10 mi. vials: Each ml. contains Droperidol 2.5 mg. with 1.8 mg. 

methylparaben and 0.2 mg. propylparaben, and lactic acid for 

pH adjustment to 34 + 0.4 

INDICATIONS: INAPSINE (dropendol) is indicated: * to produce 

tranquilization and to reduce the incidence of nausea and vomiting 

in surgical and diagnostic procedures; * for premedication, induc- 

tion, and as an adjunct in the maintenance of generat and regional 

anesthesia; * in neuroleptanalgesia in which INAPSINE (droperidol) 

is given concurrently with a narcotic analgesic, such as SUBLIMAZE* 

(fentanyl) injection. to aid in producing tranquility and decreasing 

anxiety and pain. 

CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 

in patients with known intolerance to the drug. 

WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 

MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. 

As with other CNS depressant drugs, patients who have received 

INAPSINE (droperidol) should have appropriate surveillance. 

if INAPSINE (droperidol) is administered with a narcotic analgesic 

such as SUBLIMAZE (fentanyl), the user should familiarize himself 
- with the special properties of each drug, particularly the widely 

differing durations of action. In addition, when such a combination 

is used, resuscitative equipment and a narcotic antagonist should 


A22 





Percentage 


be readily available to manage apnea. See package insert for fen- 
tanyl before using. Narcotic analgesics such as SUBLIMAZE (fen- 
tanyl) may cause muscle rigidity, particularly involving the muscles 
of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection. 
Once this effect occurs, it is managed by the use of assisted or 
controlled respiration and. if necessary, by a neuromuscular block 
ing agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol. the total dose of all narcotic analgesics administered 
should be considered by the practitioner before ordering narcotic 
analgesics during recovery from anesthesia. It is recommended 
that narcotics, when required, be used initially in reduced doses as 
low as V4 to ' those usually recommended. 

PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly, debilitated and other poor-risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. Certain forms of conduction anes- 
thesia, such as spinal anesthesia and some peridural anesthetics, 
can cause peripheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms, INAPSINE 
(droperidol) can also alter circulation. Therefore, when INAPSINE 
{droperidol} is used to supplement these forms of anesthesia, the 
anesthetist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients selected 
for this form of anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy. 


Double-blind comparison of INAPSINE 5 mg, 
INAPSINE 2.5 mg and hydroxyzine 50 mg, com- 
bined with meperidine or morphine and glycopyr- 
rolate, as premedication in 74 women undergoing 
major elective gynecologic surgery. Significantly 
fewer of the patients receiving INAPSINE experi- 
enced postoperative nausea/vomiting than those 
receiving hydroxyzine (p < 0.05). 


Percentage of patients experiencing postoperative nausea/ 
vomiting according to premedication (p « 0.05). (Based on 
Mehta P. Theriot E, Mahrotra.D, et af?) 





Repositioning the patient to improve vencus return to the heart 
should also be considered when operative conditions permit. It 
should be noted that in spinal and peridural anesthesia, tilting the 
patient into a head down position may result in a higher level of 
anesthesia -han is desirable, as well as irr pair venous return to 
the heart. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension. If 
volume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor agents 
other than epinephrine should be considered. Epinephrine may 
paradoxical y decrease the blood pressure in patients treated with 
INAPSINE {droperidol due to the alpha-adrenergic blocking action 
of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arterial 
pressure, tkis fact should be considered by those who conduct 
diagnostic or surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient. Vital signs should be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) have edditive or potentiating 
effect with INAPSINE (droperidol). When patients have received 
such drugs, the dose of INAPSINE (droperidol) required will be less 
than usual. Likewise, following the administration of INAPSINE 
Preparo: the dose of other CNS depressant drugs should be 
reduced. 

INAPSINE (droperidol) should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

When the EEG is used for postoperative monitoring, it may be 
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Early Prophylaxis for 


diu inap cine 


droperidol) Injection 


and Vomiting 
The Premedication That Does More Than Premedicate 





References: 


® Patton CM Jr, Moon MR, Dannemiller FJ: The prophylactic 
antiemetic effect of droperidol. Anesth Analg 1974;53:361-364. 


© Mehta P, Theriot E, Mehrotra D, et al: Comparative evaluation 


found that the EEG pattern raturns to normal slowly 

Since INAPSINE (droperidol) is frequently used with the narcotic 
analgesic SUBLIMAZE (fentanyl), tt should be noted that fentanyl 
may produce bradycardia, which may be treated with atropine: 
however, fentanyl! should be used with caution in patients with 
cardiac bradyarrhythmias. (See full prescribing information for 
complete description.) 

ADVERSE REACTION: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to moderate 
hypotension and occasionally tachycardia, but these effects usually 
subside without treatment. il hypotension occurs and is severe or 
persists, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Postoperative 
drowsiness is also frequently reported. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric 
crisis) have been observed following administraticn of INAPSINE 
(droperidol). Restlessness. hyperactivity, and anxiety which can be 
either the resuit of inadequate dosage of INAPSINE (droperidol) or 
a part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controiled 
with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness. 
chilis and/or shivering, laryngospasm. bronchospasm and post- 
operative hallucinatory episodes (sometimes associated with 
transient periods of mental depression). 

When INAPSINE (droperidol) is used with a narcotic analgesic 
Such as SUBLIMAZE (fentanyl), respiratory depression, apnea, and 
muscular rigidity can occur, if these remain untreated, respiratory 
arrest could occur. 


of preanesthetic medications. Cur Ther Res 1984;35:715-720. 


Elevated blood pressure, with or without pre-existing hyperten- 
sion, has been reported following administration of INAPSINE 
(droperidol) combined with SUBLIMAZE (fentanyl) or other paren- 
teral analgesics. This might be due to unexplained alterations in 
sympathetic activity following large doses: however, it is also fre- 
quentiy attributed to anesthetic or surgical stimulation during light 
anesthesia. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. 
Some of the factors to be considered in seal the dose are 
age. body weight, physical status, underlying pathological condi- 
tion, use of other drugs. type of anesthesia to be used, and the 
surgical procedure involved. 

Vital signs should be monitored routinely. 

Usual Adult Dosage 

|. Premedication—(to be appropriately modified in the elderly, 
debilitated. and those who have received other depressant 
drugs) 2.5 to 10 mg. {1 to 4 mi) may be administered intra- 
muscularly 30 to 60 minutes preoperatively. 

ll. Adjunct to General Anesthesia 

Induction —2.5 mg. (1 mL) per 20 to 25 pounds may be adminis- 

tered (usually intravenously) along with an analgesic and/or 

general anesthetic. Smaller doses may be adequate. The total 
amount of INAPSINE (droperidol) administered should be titrated 
to obtain the desired effect based on the individual patient's 
response. 

Maintenance—125 to 2.5 mg. (05 to 1 mi) usually intravenously 

(see warning regarding use with concomitant narcotic analgesic 

eir and the possibility of widely differing durations of 

action). 


if INNOVAR'* injection is administered in addition to INAF 
(droperidol) the calculation of the recommended dose of 
INAPSINE (droperidol) should include the droperidol contair 
in the INNOVAR injection. See INNOVAR injection Package I 
for full prescribing information. 

li. Use Without A General Anesthetic In Diagnostic Procedure 
Administer the usual I.M. premedication 2.5 to 10 mg. (1to 
30 to 60 minutes before the procedure. Additional 1.25 to 
mg. (0.5 to 1 ml.) amounts of INAPSINE (droperidol) may be 
administered, usually intravenously (see warning regardin 
with concomitant narcotic analgesic medication and the pc 
bility of widely differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain pro 
dures, such as bronchoscopy, appropriate topical anesthe: 
Still necessary 

IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (1102 ml) a 
be administered intramuscularly or slowly intravenously w 
additional sedation is required. 

How Supplied: 2 mi. and 5 ml. ampoules—packages of 10; 

19 mi. multiple-dose vials—packages of 10. 
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The importance of brain monitoring 
... 1Sdetermined by 
which end of the scalpel youre on. 


Consider this scene. 

It is near the completion of a delicate surgery. The vital signs are 
normal. To all outward appearances, the operation will be a success. 

And yet, upon emerging from anesthesia, the patient senses 
something wrong. 

He has lost the ability to speak and understand. 

Due to an undetected interruption in blood flow to the brain, his life 
has been irrevocably changed. 

While dysfunctions of this magnitude are the exception, the fact 
remains that a certain number of all otherwise successful cardiovascular 
surgical cases are complicated by brain damage. Estimates of that number 
vary from the merely distressing to the truly startling. 

Now, to the surgeon who also witnesses the high percentage of cases 
that come through without a hitch, the relatively smaller risk of brain 
damage may seem acceptable. 

But to those patients who come out on the short end of the odds, the 
risk can prove catastrophic. | 

The question "What constitutes acceptable risk?" is, of course, an 
ancient one. And the answer constantly shifts according to changes in the 
state of medical technology. 

‘Today, for example, a new kind of surgical brain monitor is available. 
Not only does it provide complete 16-channel (whole-head) EEG data, 
but its computer performs continuous analysis without the need for 
continuous attention. 

The moment it senses a brain abnormality, it signals the surgical team 
so that the difficulty can be corrected in time. 

While this monitor is neither as inexpensive nor as universally 
accepted as it will one day be, it can dramatically reduce the risk of brain 
damage due to undetected circulatory problem during surgery. 

And, in the process, it is bound to affect the very definition of 
"acceptable risk? 

As the manufacturers of this new device, we urge you to discuss the 
pros and cons of brain monitoring with your colleagues. 

And we invite you to tell us what you think. Write CNS, Inc., 10349 
W. 70th Street, Minneapolis, Minnesota 55344, or call 800-328-8322 ext. 120. 
If you request, we will be happy to send you more PR 
information on brain monitoring. wl Es 





Brain (EEG) Monitoring can 
Reduce the Risk 


Case: 84 year old physician with history of hypertension 





Procedure: Left Carotid Endarterectomy 


Problem: Focal Ischemia developing a few Resolution: Blood pressure was increased to 
minutes after clamping (BP 140/70). 160/80. No shunt was required. 
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Canadian Anaesthetists’ Society Journal 





A highly regarded international anaesthesia jour- 
nal publishing reports of current investigations, 
informative review articles, editorials, clinical and 
technical reports, book reviews, correspondence, 
and meeting notices. Published bi-monthly in 
January, March, May (Parts I and II), July, Sep- 
tember, and November (includes Index of Authors 
and Index of Subjects). 

Each journal issue contains a Continuing Medical 
Education Section provided 

in rotation by 
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Canadian university Departments of Anaesthesia. 
The CME section summarizes clinically relevant 
information intended for all anaesthetic 
practitioners. 


The Annual Meeting Supplement produced as 
Part Il of each May issue contains Refresher 
Course Outlines and abstracts of papers presented 
in the Scientific Programme of the Annual 
Meeting of the Canadian Anaesthetists’ Society 
held in June of each year. 
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While others slip and slide all over the place, 
we've made a name for ourselves by staying put. 


No more fumbling for the tape. No 
more sticky adhesive devices. And no 
more concerns for the security and 
safety of your patient's airway. Now 
enjoy the speed, simplicity and pro- 
tection of STRAPEZE. 


Strap versus tape 


Tape kinks, binds, and often loses its 
adhesive qualities under operating 
conditions. STRAPEZE, as its name 
implies, is a strap made of 100% non- 
allergenic Velfoam IIS a very durable 
and lightweight material with a foam 
core sandwiched between outer layers 
of soft, synthetic lambs-wool. 


So easy to apply 


The STRAPEZE “one-step” fastening 
concept brings a new measure of as- 
surance and,security to endotracheal 
tube placement. And there’s nothing 
else like it for ease of use. You simply 
attach one end of STRAPEZE to the 
tube, slip the strap behind the patient's 
neck, loop around tube and fasten with 
the Velcro tab back onto the strap’s 
velvety surface. Job finished! 





Stays put—or it’s not 
STRAPEZE! 


Now you can forget about accidental 
extubations or bronchial intubations. 
STRAPEZE ensures precise and posi- 
tive positioning of the tube. Where you 
put it, is where it stays. Which means 
the tube won't pull out, and it won't 
push down. Needless to say, such as- 
surances can be a lifesaver. 


Another quality 
product from 
ProTechPacific 


STRAPEZE was designed to answer 
the demanding needs of today's medical 
professional. Its innovative simplicity 
erases the tedium and uncertainty of 
performing an important task. And 
its specialized function is another 
example of ProTech Pacifie's ongoing 
commitment to your profession. 
STRAPEZE. New convenience. New 
security. New comfort. And, for all 
these assurances, very inexpensive. 
For the comfort of the intubated 
patient, STRAPEZE is here to stay. 
Because it stays put. 


U.S. Patents pending 


ProTechPacific 


1221 Andersen Drive 

San Rafael, California 94901 
Call Toll Free: 800/227-0517 
In Calif. 415 1459-0745 
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So càll today for a demonstration of 
the remarkable Ohmeda Biox 3700. 
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Comparison of Sufentanil and Enflurane—Nitrous Oxide Anesthesia 


for Myocardial Revascularization 


Paul N. Samuelson, MD, J. G. Reves, MD, James K. Kirklin, Mp, Edwin Bradley Jr, PhD, 
Kathleen D. Wilson, CRNA, and Mary Adams, BS 


SAMUELSON PN, REVES JG. KIRKLIN JK, 

BRADLEY E jr, WILSON KD, ADAMS M. Comparison of 
sufentanil and enflurane-nitrous oxide anesthesia for 
myocardial revascularization. Anesth Analg 
1986;65:217—26. 


This study compared the stress response in patients with 
coronary artery disease undergoing myocardial revascular- 
ization anesthetized with either sufentanil and oxygen or 
enflurane—nitrous oxide and oxygen. Throughout induction 
and maintenance of anesthesia, and while the patients were 
in the intensive care unit, hemodynamics plus plasma cate- 
cholamine, sufentanil, and enflurane concentrations were 
recorded and compared. Three groups were studied: sufen- 
tanil, 15 uglke at induction; sufentanil, 15 g/kg at in- 
duction plus 10 ug/kg on initiation of cardiopulmonary 
bypass (CPB); and enflurane anesthesia. Hemodynamics 
were remarkably stable in all groups but required consid- 


Sufentanil is a synthetic narcotic 5-10 times as potent 
as fentanyl in humans (1) that has been used in large 
doses (15-25 ug/kg) to produce surgical anesthesia in 
patients undergoing coronary artery surgery (2,3). 
These studies have documented minimal hemody- 
namic alterations. An unproven hypothesis concern- 
ing opioids is that the more potent the narcotic an- 
algesic, the more opioid receptor-specific the drug 
and the fewer the side effects (4). Considering this 
hypothesis, the very potent opioid, sufentanil, should 
block the so-called “stress responses" during anes- 
thetic induction and surgical procedures. The purpose 
of this study was to evaluate the effectiveness of su- 
fentanil in blocking the stress response to surgery and 
cardiopulmonary bypass by comparing the hemo- 
dynamic and catecholamine responses in patients 
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Accepted for publication September 24, 1985. 

Address correspondence to Dr. Samuelson, Department of 
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erable fine tuning when enflurane was administered. The 
"stress" of CPB was blunted by the additional dose of su- 
fentanil, as well as by enflurane. This was reflected in those 
patients receiving the extra sufentanil or enflurane by less 
severe increases in their epinephrine or norepinephrine con- 
centrations and by less frequent use of sodium nitroprusside 
to control mean arterial pressure compared to the group of 
patients given the lower-dose sufentanil. This study sug- 
gests that higher blood levels of sufentanil can attenuate, 
but riot eliminate, the stress response to CPB, as can en- 
flurane, and that both the narcotic and inhalation anesthetic 
techniques for patients with coronary artery disease were 
quite satisfactory. 


Key Words: ANESTHETICS, INTRAVENOUS—sufen- 
tanil. ANALGESICS—sufentanil. ANESTHESIA— 
cardiovascular. ANESTHETICS, voLATILE—enflurane. 


undergoing myocardial revascularization surgery 
anesthetized with either sufentanil-oxygen anes- 
thesia or enflurane-nitrous oxide-oxygen anesthesia. 


Methods 


Forty-five patients scheduled for elective myocardial 
revascularization were studied. The study was ap- 
proved by the Institutional Review Board, and in- 
formed consent was obtained from all patients. The 
patients were randomly assigned from a table of ran- 
dom numbers to receive either sufentanil or enflu- 
rane anesthesia. After the first 19 patients (ten sufen- 
tanil and nine enflurane) were studied, it became 
apparent that because of hypertension during cardio- 
pulmonary bypass (CPB),-an additional dose of su- 
fentanil at the time of initiation of CPB was indicated. 
Thus the study included three groups of patients: ten 
patients (group 1) in whom anesthesia was induced 
with sufentanil, 15 ug/kg, and who were then ven- 
tilated with oxygen throughout the procedure; 14 pa- 
tients (group 2) in whoni anesthesia was induced with 
sufentanil, 15ug/kg, who also received an additional 
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Figure 1. Measurement period vs real time duration. CONT, con- 
trol/baseline; INDUCTION, induction; OTT + 1 min, 1 min after 
orotracheal intubation; PREP "LOW", lowest systolic pressure dur- 
ing prepping; POST STERNOT “HIGH”, highest systolic blood 
pressure after sternotomy; LAP + 5 min, 5 min after left atrial line 
placement; PRE CPB, preceding cardiopulmonary bypass; CPB 10 
min, 10 min into cardiopulmonary bypass; AoXC 30 min, 30 min 
after the aortic cross-clamp was placed; AoXC OFF 2 min, 2 min 
after the aortic cross-clamp was removed; PRIOR TO OFF CPB, 
immediately prior to coming off cardiopulmonary bypass; OFF CPB 
2 min, 2 min after coming off cardiopulmonary bypass; PROTAM 
+ 5 min, 5 min after protamine administration; STERN CLOSED, 
at sternal closure. No significant difference was found between 
groups. 


supplement of 10 ug/kg of sufentanil at the initiation 
`- of CPB; and 21 patients (group 3) in whom anesthesia 
was induced with diazepam, 0.5 mg/kg, and anes- 
thesia then maintained with enflurane and 50% ni- 
trous oxide in oxygen. Group 3 patients received no 
opioids during the operation. 

Premedication of all patients consisted of diaze- 
pam, 0.1-0.15 mg/kg orally; morphine, 0.1 mg/kg in- 
tramuscularly; and scopolamine, 0.4-0.5 mg intra- 
muscularly given 90-120 min prior to anesthetic 
induction. Catheters were placed in two peripheral 
veins, in the radial artery, and in the pulmonary artery 
via the right internal jugular vein (Edwards-5wan- 
Ganz triple lumen thermodilution catheter) After 
control measurements, anesthesia was induced with 
intravenous sufentanil at a rate of 200—400 g/min to 
a total of 15 ug/kg. Concomitantly, pancuronium, 0.1 
mg/kg, was administered. In patients given enflurane 
(group 3), anesthesia was induced with diazepam, 0.5 
mg/kg; pancuronium, 0.1 mg/kg; and 50% N;O and 
oxygen plus enflurane (inspired concentration 1-270). 
The following were measured serially: electrocardio- 
gram (leads II and V3); heart rate (HR) and rhythm; 
systemic arterial pressure (systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean arterial 
pressure (MAP)); mean right atrial pressure (RAP); 
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Table 1. Adjuvant Treatment Protocol 


Before CPB SBP 3096 control: 
Sufentanil, 50 ug, then sodium 
nitroprusside, 200 ug/ml 
Enflurane = 2% inspired, then sodium 
nitroprusside, 200 ug/ml 
SBP « 30% Control: 
Neosynephrine 
MAP > 80: 
Sufentanil, 50 ug, then sodium 
nitroprusside, 200 pg/ml 
Enflurane = 3%, then sodium 
nitroprusside, 200 ug/ml 
MAP > 80: 
Sufentanil, 50 wg, N.O 50%, then 
SNP 
Enflurane = 2%, then SNP 
MAP > 80 (with LAP 8-10, HR 90): 
Sodium nitroprusside, 200 ng/ml, by 
computer controlled closed-loop 
infusion 


During CPB 


After CBP 


CICU 


Abbreviations: CPB, cardiopulmonary bypass; SBP, systolic blood pres- 
sure (mm Hg); MAP, mean arterial blood pressure (mm Hg); LAP, left atrial 
pressure (mm Hg); HR, heart rate (beats/min); CICU, cardiac intensive care 
unit. 


pulmonary artery pressure (PAP) (systolic (SPAP) 
and diastolic (DPAP)); mean pulmonary artery oc- 
cluded pressure (PAO); cardiac output (CO) (duplicate 
thermodilution); arterial blood gas tensions; arterial 
plasma concentrations of sufentanil or enflurane; plus 
norepinephrine and epinephrine concentrations. 
Hemodynamic measurements were made at end- 
expiration. Derived data consisted of the cardiac index 
(CI), stroke index (SI), heart rate systolic blood pres- 
sure product (RPP), systemic vascular resistance (SVR), 
and pulmonary vascular resistance (PVR). The for- 
mulae used for these derived data have been previ- 
ously reported (5). 

The bubble oxygenator was primed with 1000 ml 
Normosol®, 500 ml D; ¥% NS, and 200 ml 25% albu- 
min, and volume "additions" on CPB based on a min- 
imum calculated machine-patient packed cell volume 
(PCV) = 25%. Proximal anastomoses were placed be- 
fore CPB with a side biting aortic clamp, if tolerated 
hemodynamically. Cardiopulmonary bypass was then 
established using a single venous cannula. All distal 
anastomoses were constructed during a single period 
of aortic occlusion, utilizing cold (4-6°C), crystalloid, 
potassium (30 mEq/L) cardioplegic solution for myo- 
cardial protection. The perfusate temperature was 28°C 
during most of the ischemic period, and myocardial 
cooling was further enhanced by continuous topical 
cooling with cold Ringer’s lactate solution. Patients 
were rewarmed to 37°C (nasopharyngeal) before 
weaning from CPB. 


gr 
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Table 2. Demographic Data" 


Group 1^ 


ANESTH ANALG 219 


1986;65:217—26 


Number 10 
Male/female 10/0 
Age (yr) 56 + 2.1 
Weight (kg) 84 x 3.0 
Body surface area (m?) 2.04 x 0.042 
History: 

Prior MI 8 

Prior CHF 3 

Left main 0 
Drugs Pre-op: 

B-Blocker 10 

TNG 10 

Ca** Blocker 0 

Digoxin 2 

Antihypertensives 0 
Number of grafts 3.9 + 0.41 
AoXC time (min) 54 + 5.4 
CPB time (min) 79 + 9.0 


‘Mean + SEM, No significant differences between groups. 


*Group 1, nonsupplemented sufentanil group; group 2, supplemented sufentanil group; group 3, enflurane group. 


Abbreviations: CPB, cardiopulmonary bypass; AoXC, aortic cross clamp. 


Table 3. Incidence of Adjuvant Treatment? 


Group(s} (n) 

Induction 1,2 24 
3 21 

Prior to CPB 1,2 24 
3 21 

On CPB 1 10 
2 14 

3 21 

After CPB 1 10 
2 14 

3 21 


‘Data is expressed as number of patients treated. 
*P < 0.05, group 1 vs group 2. 
*P « 0.05, group 1 vs group 3. 
ip < 0.05, group 2 vs group 3. 


Group 2^ Group 3* 
14 21 
12/2 20/1 
54 + 2.2 55 + 1.1 
86 + 4.0 83 + 2.8 
2.06 + 0.056 2.04 x 0.039 
11 13 
5 1 
2 3 
8 17 
14 19 
7 7 
3 1 
0 2 
4.7 x 0.22 4.7 + 0.23 
32 € 3.1 54 + 2.8 
72.55:5.6 79 + 3.8 
Sodium 
nitroprusside Neosynephrine Other 
0 1 0 
1 1 0 
13 5 2 Atropine 
10 8 0 
10° 0’ 0 
9 7 0 
7 5 0 
7 1 2 CaCl, 
10 64 1 CaCl, 
17 1 1 CaCl, 


Abbreviations: CPB, cardiopulmonary bypass; Group 1, unsupplemented sufentanil group; group 2, supplemented sufentanil group; group 3, enflurane 


group. 


Control measurements were made with the patient 
resting comfortably in the operating room while 
breathing oxygen for at least 5 min until hemody- 
namics were stable (+10% of consecutive observa- 
tions), Additional measurements were made 1) with 
loss of consciousness (defined as failure to respond 
to verbal commands and loss of eyelash reflex); 2) 1 
min after orotracheal intubation; 3) at the time of the 
lowest systolic pressure during preparation for sur- 
gery; 4) at the time of the highest systolic blood pres- 
sure after sternotomy (or 2 min after sternotomy if no 
peak was noted); 5) 5 min after left atrial line place- 
ment; 6) immediately preceding CPB; 7) 10 min after 
initiation of CPB; 8) 30 min after the aortic cross-clamp 


was placed; 9) two min after the aortic cross-clamp 
was removed; 10) immediately prior to discontinua- 
tion of CPB; 11) 2 min after discontinuation of CPB; 
12) 5 min after protamine administration; 13) dur- 
ing sternal closure; and 14) upon admission to the 
cardiac intensive care unit (CICU). These measure- 
ment periods are plotted vs the real time duration in 
Figure 1. 

From admission to the CICU until 6:00 AM the first 
postoperative day, the mean arterial pressure was kept 
at 80 mm Hg utilizing our computer-controlled closed- 
loop sodium nitroprusside infusion system (6); amounts 
and rates of nitroprusside administered were re- 
corded. Chest drainage and urine output were quan- 
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titated using our computer patient management sys- 
tem. Heart rate, if less than 90 beats/min, was 
augmented with atrial pacing. Left atrial pressures 
were kept at approximately 8-10 mm Hg with infu- 
sion of crystalloid, 5% albumin, or blood. 

An "adjuvant treatment protocol" was strictly de- 
fined and followed as listed in Table 1. The use of 
these drugs was qualitatively and quantitatively re- 
corded for each of the measurement periods. All in- 
travenous fluids were recorded; and cumulative fluid 
input, urine output, and chest drainage measure- 
ments were made throughout the study period. 

Plasma sufentanil concentrations were measured 
utilizing the extraction method previously described 
' by Gillespie et al. and a gas chromatograph mass spec- 
trometer detection technique (7). Serum enflurane 
concentrations were measured with a gas chro- 
matographic technique. Serum epinephrine and nor- 
epinephrine were determined by high-performance 
liquid chromatography with electrochemical detec- 
tion by a modification of the method of Keller et al. 
(8). 

Data are expressed as means plus or minus SEM. 
. For analysis between groups a one-way analysis of 
variance was used. Analysis within groups was made 
by a repeated measures analysis of variance. Pairwise 
comparisons between means used the Fisher's pro- 
tected least significance difference test (9,10). Differ- 
ences were deemed significant if P « 0.05. 


Results 


There were no significant differences in the demo- 
graphic characteristics of the groups (Table 2). There 
also were no significant differences in aortic cross- 
clamp times, durations of CPB, or numbers of distal 
saphenous vein graft anastomoses performed. Before 
CPB, the data in each sufentanil patient (groups 1 and 
2, n = 24) were combined for purposes of analysis. 
According to the adjuvant treatment protocol for 
hemodynamic variation, this group of 24 received 
0.7 + 0.24 ug/kg additional sufentanil prior to CPB. 
The division of sufentanil patients occurred with ini- 
tiation of CPB; ten patients (group 1) received minimal 
additional sufentanil (0.5 + 0.21 ug/kg during CPB 
and 0.6 + 0.30 ug/kg after CPB) and the sufentanil 
supplemented group (group 2) of 14 patients received 
10.2 + 0.15 ug/kg additional sufentanil during CPB 
and none after CPB. 

Utilizing the adjuvant treatment protocol, many 
patients required treatment with a vasodilator (so- 
dium nitroprusside) and vasoconstrictor (neosyne- 
phrine) before, during, and after CPB. Significantly 
more group 1 unsupplemented sufentanil patients re- 
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Figure 2. Epinephrine concentrations. Data plotted as mean + SEM. 
See legend to Figure 1 for explanation of abbreviations. 


quired nitroprusside on CPB than group 2 supple- 
mented sufentanil patients or group 3 enflurane-anes- 
thetized patients. Significantly more group 2 patients 
required neosynephrine during CPB than group 1 pa- 
Gents and after CPB more neosynephrine than the 
enflurane group (group 3) (Table 3). 

The hemodynamic values are in Table 4. Statisti- 
cally significant differences within and among the 
groups are indicated. Prior to CPB, there were few 
hemodynamic differences among groups. From in- 
tubation until sternotomy, heart rate was higher in 
the group 3 patients, and after sternotomy, the mean 
arterial blood pressure also was higher in group 3 
patients. Thus the rate pressure product for the en- 
flurane patients after intubation and sternotomy was 
higher than with sufentanil. Right atrial pressure, pul- 
monary artery occluded pressure, and pulmonary ar- 
tery pressures were similar in all groups, decreasing 
gradually before initiating CPB. The cardiac index de- 
creased slightly in all groups prior to CPB. The stroke 
index was significantly depressed in the enflurane 
group after sternotomy. Pulmonary vascular resist- 
ance increased similarly in all groups prior to CPB as 
did systemic vascular resistance, which was signifi- 
cantly higher only at the time of sternotomy in the 
enflurane group. 

Cardiopulmonary bypass produced different re- 
sponses in the three groups. There was a higher mean 
arterial pressure in the unsupplemented sufentanil 
patients (group 1) immediately after initiating CPB. 
There was no difference between patients given en- 
flurane (group 3) and those given supplemental su- 
fentanil (group 2). Mean blood pressure correlated 
with a significantly higher systemic vascular resist- 
ance in the group 1 patients. Immediately prior to 
discontinuation of CPB, the mean arterial pressure 
was significantly lower in the supplemented sufen- 
tanil patients (group 2) than in the enflurane patients 
(group 3). 

After CPB, the systemic vascular resistance was 


SUFENTANIL VS ENFLURANE-~N,O ANESTHESIA 







ee SUFENTANIL 15 mcg/kg 
$-———6 SUFENTANIL 15* 10 mcg/kg 
9-9 ENFLURANE 

+ p<0.05 x ve CONTROL 
$ p«0.05 GROUP 1 vs 2 

a p<0.05 GROUP 1 or2 vs 3 


1400 


1000 


800 


400 


NOREPINEPHRINE (pg/ml) 


200 


Figure 3. Norepinephrine concentrations. Data plotted as mean + 
SEM. See legend to Figure 1 for explanation of abbreviations. 
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Figure 4. Plot of sufentanil concentrations (mean + SEM) vs sample 
time for unsupplemented (Group 1) and supplemented (Group 2) 
sufentanil groups. See legend to Figure 1 for explanation of 
abbreviations. 


initially lower in the supplemented sufentanil patients 
associated with a higher cardiac index, but the dif- 
ference was not statistically significant. Cardiac index 
and stroke index were significantly lower in the un- 
supplemented sufentanil patients after CPB. 

Upon admission to the CICU, the blood pressure 
was significantly lower in both groups 1 and 2 than 
in group 3. Cardiac index and stroke index remained 
significantly lower, despite an elevated left atrial pres- 
sure in the unsupplemented sufentanil group (group 
1). 

Serum epinephrine and norepinephrine concentra- 
tions are shown in Figures 2 and 3. Epinephrine re- 
mained at control values in all groups until just prior 
to CPB in the enflurane group (group 3) when it in- 
creased, Prior to CPB, norepinephrine remained near 
normal in all groups, but was lower at some points 
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Figure 5. Plot of serum enflurane concentrations (mean + SEM) vs 
sample time. See legend to Figure 1 for explanation of abbreviations. 


in both sufentanil groups. Norepinephrine concen- 
trations were higher early during CPB in group 1 than 
in groups 2 or 3. Of note is the four- to five-fold 
increase in epinephrine during CPB in the enflurane 
and unsupplemented sufentanil group (groups 3 and 
1), compared to only a two-fold increase in the sup- 
plemented sufentanil group (group 2). A statistically 
significant difference was noted between group 2 and 
group 3 immediately upon discontinuation of CPB. 
There was only about a two-fold increase in norepi- 
nephrine concentrations early in CPB in groups 2 and 
3. From control to late in CPB, the norepinephrine 
concentrations increased five to seven times in both 
groups 1 and 2. However, the large standard error of 
the mean precluded a statistically significant differ- 
ence with group 3. Epinephrine and norepinephrine 
concentrations returned toward control levels in all 
groups after CPB. 

Blood concentrations of drugs during the study are 
plotted in Figures 4 and 5. The fluctuating serum blood 
concentrations of the enflurane group (group 3) reflect 
attempts to stabilize the hemodynamics throughout 
the operative period. Note the higher peaks at intu- 
bation, sternotomy, and midway through CPB when 
enflurane was used to treat elevated arterial pressures 
as in the "adjuvant treatment protocol" (Table 1). 

Figure 6 plots the infusion of sodium nitroprusside 
in pg/kg as a function of time before, during, and 
after CPB and in the CICU. There were no significant 
differences in the duration of these time periods among 
groups. There was a significantly greater amount of 
sodium nitroprusside used during CPB in group 1 
patients, and a significantly smaller amount of so- 
dium nitroprusside used in the CICU in group 2 pa- 
tients. Patients in group 1 received 5.8 + 1.90 mg of 
morphine sulfate in the CICU, those in group 2 re- 
ceived 3.2 + 0.48, and those in group 3 received 10.9 
+ 1.49 mg of morphine sulfate. 

Table 5 contains data from the period in the inten- 
sive care unit. Times to responsiveness and extuba- 
tion were significantly longer in the supplemented 
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Figure 6. Total infused sodium nitroprusside (ug/kg) (mean + SEM) 
vs the perioperative time period (pre, during, and after CPB) and 
in the intensive care unit. There was no significant difference among 
groups in the time duration of each of these measurement periods 
(see Fig. 1). 


sufentanil group patients (group 2) than in the en- 
flurane group. Fluid balance (the amounts of crystal- 
loid, colloid, or blood infused; chest drainage; urine 
output) measured in the CICU was similar in all three 
groups. There was no difference among the groups 
in the use of inotropic or antiarrhythmic therapy in 
the CICU. 

Creatine phosphokinase MB fraction (CKMB) lev- 
els as a measure of perioperative myocardial necrosis 
were measured (Table 6). Only three of the 45 patients 
in the total study population reached CKMB levels 
greater than 20 IU. At control, prior to CPB, and 8, 
10, 12, 24, and 36 hr after initiation of CPB: group 1 
patient number 1 had levels of 4, 2, 20, 20, 28, 16, 
and 8 IU; group 1 patient number 8 had levels of 1, 
1, 3, 3, 4, 63, and 22 IU: and group 2 patient number 
13 had MB levels of 1, 1, 2, 2, 2, 88, and 4 IU, re- 
spectively. Overall CKMB tended to be slightly higher 
in the unsupplemented sufentanil patients. 
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Table 5. Intensive Care Unit Data? 


Group 1 Group 2 Group 3 

Responsive 7.5 + 0.99 8.4 + 0.66" 6.4 + 0.38 

hr after induction (4—13) (5-12) (4-12) 
Extubation 17.9 + 1.78 19.8 + 1.000 15.8 + 1.10 

hr after induction (11-24) (13-25) (8-23) 
Discharge 29.9+ 2.86 28.1 + 0.84 30.6 + 2.03 

hr after induction (25-47) (24-35) (23-52) 
Total crystalloid 

(ml) 1520 + 221 1690 + 90 1680 + 149 
Total colloid (ml) 1000 + 354 980 + 168 800 + 133 
Total blood (ml) 680 + 145 620 + 132 750 + 157 
Total chest 

drainage (ml) 990 + 128° 630 4:57 820 + 106 
Total urine 2190 + 381 2170 + 233 1990 + 250 


"Data expressed as mean + SEM with range in parentheses. 


*P < 0.05, group 2 vs group 3. 

*P < 0.05, group 1 vs group 2. 

Group 1, unsupplemented sufentanil group; group 2, supplemented su- 
fentanil group; group 3, enflurane group. 


Table 6. CKMB Data? 


Group 3 


Group 1 Group 2 

Control 1.6 + 0.40 1.8 x 0.63 0.8 + 0.20 
Before CPB 1.5 + 0,37 1.2 + 0.45 1.0 x 0.19 
8 hr 5.2. 1.967 1.8 + 0.18 2.2 + 0.30 
10 hr 5.6 x 1.9594 1.8 + 0.39 2.4 + 0.34 
12 hr 6:3 5 2.79% 1.7 + 0.30 1.9 + 0.30 
24 hr 11.6 + 6.62 429 € 617 1.9 x 0.38 
36 hr 6.1 + 2.49 1.5 + 0.36 1.7 + 0.32 


"Creatine phosphokinase MB fraction (CKMB) data expressed as mean 
X SEM. 

"Hr after initiation of CPB. 

*P < 0.05, group 1 vs group 3. 

4P < 0.05, group 1 vs group 2. 


Group 1, unsupplemented sufentanil group; group 2, supplemented su- 
fentanil group; group 3, enflurane group. 


Discussion 


High-dose narcotic anesthesia for patients undergo- 
ing cardiac surgery became popularized by the use of 
morphine in the early 1970s (11). The main attribute 
appeared to be the maintenance of "hemodynamic 
stability." Fentanyl, a more potent opioid, replaced 
morphine as the narcotic of choice during the late 
1970s (12). Fewer side effects such as hypotension, 
prolonged respiratory support, and volume replace- 
ment requirements were present with fentanyl (13,14). 
A search for an even more potent and thus, as the 
hypothesis goes, a more specific synthetic narcotic 
continued, resulting in the synthesis of sufentanil. 
Suppression of the so-called stress response during 
cardiac anesthesia and surgery was proclaimed as a 
goal (4). 
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Sufentanil was found in clinical trials to be five-ten 
times as potent as fentanyl. Early studies by Sebel et 
al. and de Lange et al. demonstrated hemodynamic 
stability in patients with coronary artery disease 
undergoing myocardial revascularization surgery. 
These reports suggested that the stress response mea- 
sured by cortisol and catecholamines was blocked be- 
fore CPB and perhaps attenuated during CPB (3,15,16). 

Previous studies have demonstrated a marked, time- 
related increase in plasma catecholamine concentra- 
tions during nonpulsatile cardiopulmonary bypass 
(17,18). Thus CPB is an excellent clinical model to 
study the ability of the newly developed potent opioid 
to suppress the adrenergic responses to surgical stress. 
We compared sufentanil-oxygen anesthesia with a 
nonnarcotic technique control group. By setting blood 
pressure limits both during and after the operation, 
we could also quantitate the requirements for vaso- 
dilator therapy—in this study, sodium nitroprusside. 

Few studies have compared opioid and inhalation 
anesthetic techniques for cardiac surgery (19). Results 
of previous studies have generally shown little dif- 
ference in hemodynamic stability or in variables of 
outcome (mortality, morbidity, myocardial ischemia) 
(20-24). What then does our study add to existing 
knowledge? This is the first study comparing sufen- 
tanil anesthesia with an inhalation agent in patients 
with coronary artery disease. Hemodynamic variables 
were remarkably stable before and after CPB in both 
the sufentanil- and enflurane-anesthetized patients. 
Of note was the considerable fine tuning of the dose 
of enflurane required to attain this stability (Fig. 5). 
Also of note is the rapidly declining serum concen- 
tration of sufentanil in the single dosed patients (group 
1), and the increase in those patients supplemented 
(group 2) on CPB (Fig. 4). Although no specific serum 
value for suppression of hypertension during CPB can 
be assigned, it is clear that the group 2 sufentanil 
patients had less hypertension and lower catechol- 
amine levels on CPB. Perhaps our 4-5 ng/ml serum 
level on CPB is approximately equivalent to the 20 
ng/ml fentanyl threshold of Wynands et al. (25). The 
relatively rapid clearance of sufentanil indicates that 
supplemental sufentanil is required or that constant 
infusion administration techniques are necessary to 
block the adrenergic response to CPB. The reader must 
note that the fentanyl assay utilized by Wynands et 
al. was the radioimmunoassay (RIA) technique. In 
contrast, our sufentanil assay was by extraction, gas 
chromatographic separation, and mass spectrometer 
detection. The RIA analysis is said to be more sen- 
sitive, but was not available to us during this study. 
Our lower limit of sensitivitv of detection was 0.5 
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ng/ml. Howie et al. have compared RIA and gas chro- 
matographic analysis of sufentanil and reports a 1296 
coefficient of variation (26). It is of special interest that 
despite low serum sufentanil concentrations after the 
operation, there was a decrease in the requirement 
for sodium nitroprusside in the CICU. This probably 
reflects the residual analgesic effects of sufentanil, 
even at quite low plasma drug concentrations. Sufen- 
tanil decreases MAC in combination with inhalation 
agents in animals more so than fentanyl, and thus 
may be more of an anesthetic than fentanyl (27). 

Cardiopulmonary bypass produced an expected two- 
to three-fold increase in epinephrine and a six- to 
seven-fold increase in norepinephrine. It is interesting 
that enflurane at a similar blood concentration, as at 
sternotomy and on CPB, was able to attenuate the 
rise in norepinephrine, whereas sufentanil, at a higher 
blood concentration during CPB (in the supplemented | 
group) than at sternotomy, also suppressed the early 
rise in norepinephrine (on CPB). The variability among 
patients for all CPB epinephrine values and later CPB 
norepinephrine values rendered statistical compari- 
sons insignificant, although clear trends emerged. 
Whether or not it is desirable to suppress this rise in 
catecholamines on CPB is unanswered. Although re- 
perfusion of the heart with release of the aortic cross- 
clamp did not seem to be adversely affected by blood 
high in catecholamines, there are still a number of 
potentially undesirable physiologic effects (28). 

Postoperative outcome variables examined in this 
study fail to show a major superiority with any of the 
anesthetic techniques (29). Serum CKMB levels in- 
creased somewhat more in the sufentanil patients 
(groups 1 and 2), but the levels were extremely low 
and probably clinically not significant. No postoper- 
ative ECGs indicated new myocardial infarction, and 
no deaths occurred in this study. Clearly analgesia in 
the CICU was superior in the sufentanil patients, but 
aside from fewer morphine requirements, this dem- 
onstration seems unimportant. The greater use of so- 
dium nitroprusside in the enflurane patients could 
reflect less analgesia or better cardiac function in the 
enflurane group. Times of extubation were similar in 
all groups. 

In summary, sufentanil-oxygen anesthesia pro- 
vided stable hemodynamics before and after CPB— 
and this was perhaps somewhat more easily attained 
than in patients anesthetized with enflurane. During 
CPB, enflurane attenuated the increase in serum nor- 
epinephrine concentration, but sufentanil had to be 
supplemented to attain comparable adrenergic block- 
ade. Patients given sufentanil required less vasodi- 
lator than those given enflurane. Maintenance of a 
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higher, more stable blood concentration of sufentanil 
with infusion techniques might accomplish even bet- 
ter hemodynamic stability during the CPB period 
(30,31). 


The authors wish to thank Janssen Pharmaceutica for support; 
Steven Barker, PhD, for determination of the sufentanil concentra- 
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`~ 


References 


1. 
' thesia. Pharmacotherapy 1984;4:11-18. 


2. 


. 13. 


14. 


Rosow CE. Sufentanil citrate: a new opioid for use in anes- 


Sebel PS, Bovill JG. Cardiovascular effects of sufentanil anes- 
thesia: a study in patients undergoing cardiac surgery. Anesth 
Analg 1982;61:115-9. 


. De Lange S, Stanley TH, Boscoe M, Pace N. Comparison of 


sufentanil-O; and fentanyl-O» anesthesia in man. Anesthe- 
siology 1982;56:112-8. 


. Janssen PJ. The development of new synthetic narcotics. In: 


Estafanous FG, ed. Opioids in anesthesia. Boston: Butterworth 
Publishers, 1984:37—44. 


. Gooding JM, Dimick A, Tavakoli M, Corssen G. A physiological 


analysis of cardiopulmonary responses to ketamine anesthesia 
in non cardiac patients. Anesth Analg 1977;56:813-6. 


. Reves.JG, Sheppard LC, Wallach R, Lell WA. Therapeutic uses 


of sodium nitroprusside and an automated method of admin- 
istration. In: Ivankovich AD, ed. International Anesthesiology 
Clinics, volume (16)2. Nitroprusside and other short-acting hy- 
potensive agents. Boston: Little, Brown and Company, 
1978:51—88. 


. Gillespie TJ, Gandolfi AJ, Maloring RM, Vaughan RW. Gas 


chromatographic determination of fentanyl and its analogues 
in human plasma. J Anal Toxicol 1981;5:133—7. 


. Keller R, Oke A, Mefford I, Adams RN. Liquid chro- 


matographic analysis of catecholamines: routine assay for re- 
gional brain mapping. Life Sci 1976;19:995-1003. 


. SAS user's guide. 1982 Edition. Cary, NC: SAS Institute Inc. 


1982:501. 


. Snedecor GW, Cochran WG. Statistical methods. 7th ed. Ames, 


IA: Iowa State University Press, 1980:215. 


. Lowenstein E, Hallowell P, Levine FH, Daggett WM, Austin 


G, Laver MB. Cardiovascular response to large doses of intra- 
venous morphine in man. N Engl J Med 1969;281:1389—93. 


. Stanley TH, Webster LR. Anesthetic requirements and cardio- 


and  fentanyl- 
Anesth  Analg 


vascular effects of  fentanyl-oxygen 
diazepam-oxygen anesthesia in man. 
1978;57:411-6. 


Lunn JK, Webster LR, Stanley TH, Woodward A. High dose 
fentanyl anesthesia for coronary artery surgery: plasma fen- 
tanyl concentration and influence of nitrous oxide on cardio- 
vascular responses. Anesth Analg 1979;58:390-5. 


Stanley TH, Berman L, Green O, Robertson D. Plasma cate- 
cholamine and cortisol responses to fentanyl-oxygen anes- 


15. 


16. 


17. 


18. 


19. 


2D. 


2]. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


3l. 


SAMUELSON ET AL. 


thesia for coronary artery operations. 
1980;53:250-3. 


Sebel PS, Bovill JG, Fiolet J, Touber J, Philbin D. Hormonal 
responses to sufentanil anesthesia. Anesth Analg 1982;61:214-5. 


Bovill JG, Sebel PS, Fiolet JW, Touber JL, Kok K, Philbin DM. 
Influence of sufentanil on endocrine and metabolic responses 
to cardiac surgery. Anesth Analg 1983;62:301-7. 


Wallach R, Karp RB, Reves JG, Oparil S, Smith LR, James TN. 
Pathogenesis of paroxysmal hypertension developing during 
and after coronary bypass surgery: a study of hemodynamic 
and humoral factors. Am J Cardiol 1980;48:559—65. 


Reves JG, Karp RB, Buttner EE, Tosone S, Smith LR, Samuelson 
PN, Kreusch GR, Oparil S. Neuronal and adrenomedullary 
catecholamine release in response to cardiopulmonary bypass 
in man. Circulation 1982;66:49—52. 


Roizen MF. Does choice of anesthetic (narcotic versus inhala- 
tional) significantly affect cardiovascular outcome after cardio- 
vascular surgery? In: Estafanous FG, ed. Opioids in anesthesia. 
Boston: Butterworth Publishers, 1984:180-9. 


Conahan TJ, Ominsky AJ, Wollman H, Stroth RA. A prospec- 
tive random comparison of halothane and morphine for open 
heart anesthesia: one-year’s experience. Anesthesiology 
1973;38:528—35. 


Kistner JR, Miller ED, Lake CL, Ross WT. Indices of myocardial 
oxygenation during coronary artery revascularization in man 
with morphine versus halothane anesthesia. Anesthesiology 
1979;50:324—30. 


Wilkinson PL, Hamilton WK, Moyers JR, et al. Halothane and 
morphine nitrous oxide anesthesia in patients undergoing 
coronary artery bypass operation. Patterns of intraoperative 
ischemia. J Thorac Cardiovasc Surg 1981;82:372-82. 


Moffitt EA, Sethna DH, Bussell JA, Raymond M, Matloff JM, 
Gray RJ. Myocardial metabolism and hemodynamic responses 
to halothane or morphine anesthesia for coronary artery sur- 
gery. Anesth Analg 1982;61:979—85. 


Zurick AM, Urzua J, Yared J-P, Estafanous FG. Comparison of 
hemodynamic and hormonal effects of large single-dose fen- 
tanyl anesthesia and halothane/nitrous oxide anesthesia for 
coronary artery surgery. Anesth Analg 1982;61:521-6. 


Wynands JE, Wong P, Townsend GE, Sprigge JS, Whalley DG. 
Narcotic requirements for intravenous anesthesia. Anesth An- 
alg 1984;63:101-5. 


Howie MB, Smith DF, Harrington K, Dasta JF, Reilley TE, Reitz 
J. Serum concentrations of sufentanil and fentanyl in the post- 


operative course in cardiac surgery patients. Anesthesiology 
1984;55:A131. l 


Hecker BR, Lake CL, Difazio CO, Moscicki JC, Engles JS. The 
decrease of the minimal alveolar concentration produced by 
sufentanil in rats. Anesth Analg 1983;62:987--90. 


Reves JG, Buttner E, Karp RB, Oparil 5, McDaniel HG, Smith 
L. Elevated catecholamines during cardiac surgery: conse- 
quences of reperfusion of the postarrested heart. Am J Cardiol 
1984;53:722-8. 

Roizen MF. But what does it do to outcome? (Editorial) Anesth 
Analg 1984;63:789-90. 

Bovill JG, Sebel PS, Blackburn CL, Oei-Lim V, Heykants JJ. 
The pharmacokinetics of sufentanil in surgical patients. Anes- 
thesiology 1984,61:502—6. 

Bovill JG, Sebel PS, Stanley TH. Opioid analgesics in anes- 
thesia: with special references to their use in cardiovascular 
anesthesia. Anesthesiology 1984;61:731—55. 


Anesthesiology 


Pharmacokinetics of Fentanyl in Neonates 


ANESTH ANALG 227 
1986;65:227-32 


Douglas E. Koehntop, MD, John H. Rodman, Pharm D, Diane M. Brundage, Pharm D, 
‘Maria G. Hegland, Pharm D, and Joseph J. Buckley, MD 


KOEHNTOP DE, RODMAN JH, BRUNDAGE DM, 
HEGLAND MG, BUCKLEY JJ. Pharmacokinetics of 
fentanyl in neonates. Anesth Analg 1986;65:227—32. 


The pharmacokinetics of fentanyl were studied in fourteen 
neonates undergoing major surgical procedures. Five pa- 
tients were less than 1 day of age, seven were 1—4 days old, 
and two were 7-14 days old. Fentanyl was given intrave- 
nously, 10 uglkg (n = 1), 25 uglkg (n = 4), or 50 uglkg 
(n = 9), and plasma concentrations measured at intervals 
of up to 18 hr. Average weight was 2.9 kg. The injection 
of 25 or 50 pg/kg of fentanyl over 1-3 min was hemody- 
namically well-tolerated by all patients. Four newborns 
without respiratory impairment secondary to surgery or 
disease needed ventilatory support for an average of 24 hr 
(range 11-40 hr). Plasma concentrations of fentanyl were 


Although fentanyl is increasingly used to anesthetize 
critically ill neonates (1), information on its pharma- 
cokinetics in these physiologically unique patients is 
lacking. Extrapolation of adult fentanyl pharmacoki- 
netic data to neonates is questionable in view of the 
known age-related differences in body composition, 
organ development, and drug biotransformation 
mechanisms. For example, as a percentage of body 
weight, neonates have a larger total body water con- 
tent, extracellular fluid compartment, brain, and liver, 
whereas fat and skeletal muscle tissue is much less 
compared to that of adults (2). 

Changes in organ blood flow during and after sur- 
gery may also modify the disposition of fentanyl. For 
example, in adults the closer the operative site to the 
liver, the greater the reduction in hepatic blood flow 
(3). Because the abdomen and liver of a neonate is 
large relative to the body, the potential for alterations 
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most appropriately described by a two-compartment model. 
The mean + SEM values of selected model parameters were 
volume of the central compartment, 1.45 + 0.34 L/kg; 
volume of distribution at steady state, 5.1 + 1 L/ke; clear- 
ance, 17.94 + 4.38 mlkg- «min !; and terminal elimi- 
nation half-life (tB), 317 + 70 min. In seven patients 
transient rebound in plasma fentanyl concentrations of 0.5 
ngiml or greater occurred. In three patients with markedly 
increased intraabdominal pressure, the ty, was 1.5-3 times 
the population mean. Thus fentanyl disposition in neonates 
is highly variable, but the ty, is predictably prolonged in 
the presence of increased abdominal pressure. 


Key Words: ANALGESICS—fentanyl. PHARMA- - 
COKINETICS—fentanyl. ANESTHESIA — pediatric. 


in hepatic blood flow with surgery, particularly ab- 
dominal surgery, in these patients may be even greater 
and further precludes a reliable prediction of fentanyl 
kinetics in neonates based on adult data. Therefore 
this study was undertaken to determine the phar- 
macokinetics of fentanyl after moderate-to-high doses 
of fentanyl in neonates subjected to surgical proce- 
dures. The duration of fentanyl-induced ventilatory 
depression and its relation to plasma fentanyl con- 
centrations were also examined in selected patients. 


Methods 


After obtaining ethical committee approval and pa- 
rental consent, 14 neonates were studied. Table 1 lists 
each patient's identification number, diagnosis, group 
designation, age, weight, and fentanyl dose, and di- 
vides the patients into three groups according to the 
site of operation. Group I patients underwent repair 
of myelomeningocele; groups II and III underwent 
thoracic and abdominal procedures, respectively. Six 
neonates were 1 day old or less, and six others were 
only 2-4 days old. The average weight was 2.9 kg. 
surgical relaxation was achieved with pancuronium 
(0.1 mg/kg), and mechanical ventilation was regulated 
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Table 1. Fentanyl Kinetics in Neonates 
eee LOL e eee —— — Aa aat MEM NRO R aa 


Age Weight Dose Ve Vdss TBC ty 
Patient number Diagnosis (days) (kg) (ug/keg) (L/kg) (L/kg)  (mbkkg *min^?) (min) 
Group I 
1 Myelomeningocele 1.0 3.2 50 1.72 2.69 26.80 75 
2 Myelomeningocele 0.5 3.3 10 1.37 3.42 20.10 118 
3 Myelomeningocele 0.5 3.5 25 0.71 2.66 5.40 441 
4 Myelomeningocele 0.5 4.0 50 2.52 9.85 58.70 117 
Mean + SEM 0.6 3.5 1.58 4.66 28.00 188 
+ 0.13 + 0.18 + 0.38 + 1.74 + 11.00 + 85 
Group II 
5 Sequestered lung 3.0 3.8 50 0.73 2.20 12.80 139 
6 Patent ductus arteriosus 7.0 2.5 50 2.68 5.52 20.00 197 
7 ; Patent ductus arteriosus 4.0 2.1 50 0.60 2.30 5.50 315 
8 Patent ductus arteriosus 14.0 1.4 50 4.84 13.46 47.40 201 
Mean + SEM 7.0 2.45 2.2 5.87 21.43 213 
£248 +05 + 1.0 + 2.65 + 9.15 37 
Group III 
9 Diaphragm eventration 2.0 3.3 25 0.10 1.34 9.80 99 
10 Duodenal atresia 4.0 3.0 50 0.67 3.8 13.40 223 
11 Omphalomesenteric duct 0.5 2.6 25 0.34 1.69 3.40 347 
12 Septic ileus 2.0 2.0 25 1.54 4.88 9.10 750 
13 Omphalocele 2.0 3.5 50 0.37 7.10 10.70 463 
14 Gastroschisis 0.5 1.9 50 2.08 10.49 8.02 956 
Mean + SEM 1.8 2.7 0.85 4.88 9.00 473 
+05 + 0.3 + 0.32 + 1,42 + 1.00 + 132 
Combined Mean + SEM 3 2.9 1.45 5.1 17.94 317 
+1 + 0.2 + 0.34 + 1:0 + 4.38 + 70 





Abbreviations: Vc, volume of the central compartment; Vdss, volume of distribution at steady state; TBC, total body clearance; tif, terminal elimination 
half-life. 


to maintain Paco; between 32 and 40 torr. All patients 
received an air-O; mixture that maintained an arterial 
of transcutaneous Po, between 60 and 80 torr. In ad- 
dition, 50% N;O plus 0.2-0.5% halothane of isoflur- 


thereafter. Plasma was separated and frozen for sub- 
sequent analysis by radioimmunoassay. The lower 
limit of sensitivity was 0.025 ng in an assay volume 
of 0.5 ml, and the coefficient of variation was 1.6% 


ane was administered to five patients (numbers 1, 2, 
3, 4, and 11); 50% N2O only was used in patients 9 
and 10. These inhalation agents were administered to 
those patients intubated in the operating room and 
in which positioning and/or placement of a central 
venous line delayed the injection of fentanyl. Ap- 
proximately 5 min prior to surgical incision and after 
10 ml/kg of fresh frozen plasma had been adminis- 
tered, fentanyl in the doses listed in Table 1 was in- 
fused over 1-3 min. In the early stages of the study, 
the smaller doses and longer infusion periods pri- 
marily were used. When it became apparent that cir- 
culatory stability was well-maintained even in new- 
borns with rapid infusion of large doses of fentanyl, 
50 ug/kg became the preferred dose. Blood samples 
were collected from an arterial or CVP cannula before 
and 1, 5, 10, 20, 40, 60, and 120 min after fentanyl 
had been injected and then intermittently for 3-18 hr 


for a concentration of 1 ng/ml. Each patient's data 
were fitted to both two- and three linear-compartment 
models using weighted nonlinear least squares 
regression. Models were formulated as closed form 
solutions, and the volume of the central compartment 
(Vc), intercompartmental rate constants, and elimi- 
nation rate constant from the central compartment 
were estimated (4). Terminal elimination half-life (t6), 
total body clearance (TBC), and volume of distribution 
at steady state (Vdss) were calculated. Data were ana- 
lyzed with both unity weight and the reciprocal of 
each observation variance squared. Model specifica- 
tion and choice of weights were based on residual 
analysis, comparative absolute (unweighted) sum of 
squares, and correlation of observed and predicted 
observations. Results are expressed as means + SEM. 
For statistical comparison, ANOVA and t-test were 
used where appropriate. The Wilcoxon rank sum test 
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Figure 1. Plasma fentanyl concentrations in two neonates (2 days 
old) with increased intraabdominal pressure and prolonged tng. 
Model predictions for patient 13, dashed line; patient 12, solid line. 
Measured concentrations for patient 13, unfilled circles; patient 12, 
filled circles. Note that the concentration ordinate for patient 13 is 
different from patient 12. 

Abbreviation: Pt. #, patient number. 


was used to compare pharmacokinetic parameters 
among groups. A P value of less than 0.05 was con- 
sidered significant. 


Results 


The injection of 25 or 50 ug/kg of fentanyl over 1-3 
min was hemodynamically well-tolerated by ail pa- 
tients. The average time from injection of fentanyl to 
end of surgery was 109 + 13 min (range 50—170 min). 
Plasma concentration data of fentanyl were most ap- 
propriately described by a two-compartment model. 
Table 1 lists selected pharmacokinetic model param- 
eters for each patient. No significant difference in the 
pharmacokinetic parameters was found for dose, or 
among premature infants, full-term infants up to the 
age of 24 hr, and older neonates. The large variability 
in pharmacokinetic parameters among patients was 
particularly noteworthy in group I because it had the 
most homogeneous population with respect to sur- 
gical procedure, age, and size. 

In spite of a noticeably progressive increase in the 
t,,8 and a decrease in the TBC from surgical group I 
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Table 2. Time Course and Extent of Fentanyl Rebound 
in Neonates 


Time of onset A 
Patient (minutes after Extent of rebound 
Number injection) (ng/ml) 
2 10 0.5 
3 10, 60, 900 5.0, 7.0, 1.5 
5 40 6.3 
8 120 0.8 
9 40 2.0 
10 360 1.8 
11 10, 60, 360 6.0, 5.0, 2.5 
Mean + SEM 235 07 


to II, and from group II to III, no statistical difference 
in any of the parameters was found between these 
three groups. However, if the three patients (numbers 
12, 13, and 14) with markedly increased intraabdom- 
inal pressure due to closure of a large abdominal de- 
fect or distended bowel are compared to the others, 
the increases in their fentanyl tB (1.5-3 times the 
population mean of 317 min) was statistically signif- 
icant. Figure 1 illustrates the plasma fentanyl curves 
for two of these group III neonates with markedly 
increased intraabdominal pressure. Patient number 
12 underwent an exploratory laparotomy for sus- 
pected bowel obstruction and was found to have a 
septic ileus. He received 25 ug/kg of fentanyl, and the 
tB was 750 min compared to population mean of 317 
min. Patient 13 had a repair of a large omphalocele. 
He received 50 ug/kg of fentanyl, and the t8 was 
463 min. The plasma concentration of fentanyl at 1 
min in patient 12 was approximately half the 1-min 
value of 32 ng/ml for patient 13 and by 18 hr had 
decreased to only 2 ng/ml in both patients. Interest- 
ingly we observed that the three neonates (numbers 
12, 13, and 14) with increased abdominal pressure did 
not exhibit a rebound in plasma fentanyl levels of 0.5 
ng/ml or greater, whereas the other three neonates in 
group III did manifest this rebound. 

Table 2 lists the seven patients from all three groups 
who displayed a transient rebound in plasma fentanyl 
levels of 0.5 ng/ml or greater along with the time of 
onset and extent of rebound. No pattern with regard 
to time of onset is evident. Patients 3 and 11 each had 
three subsequent transient increases in plasma fen- 
tanyl levels. The average increase for all seven pa- 
tients was 3.5 ng/ml. Patients 3 and 11 not only had 
the three transient increases in plasma fentanyl con- 
centrations but also required markedly prolonged 
ventilatory support. 
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Table 3. Characteristics of Prolonged Fentanyl-Induced Ventilatory Depression in Neonates with No Respiratory 


Impairment Secondary to Surgery or Disease 





- Plasma fentanyl 


Calculated plasma fentanyl 


Patient Age Weight Dose concentration (ng/ml) Duration of concentration at time 
number (days) (kg) (g/kg) (hr after injection) intubation (hr) of extubation (ng/ml) 
1 1.0 3.2 50 3.8 ( 3 hr) 11 0.05 
3 0.5 3.5 25 3.5 (15 hr) 27 0.50 
4 0.5 4.0 50 1.1 (16 hr) 17 0.77 
11 0:5 2.6 25 3.0 (16 hr) 40 0.17 


"Last measured plasma fentanyl concentration (Cpq)). 
0.693T 


*Calculated plasma fentanyl concentration = Cpa, e '6;T = time from Cpu to extubation. 


Table 3 details the age, weight, fentanyl dose, last 
measured plasma fentanyl concentration, and dura- 
tion of intubation in the four neonates who required 
prolonged ventilatory assistance after 25 or 50 ug/kg 
of fentanyl despite the fact that their disease imposed 
no respiratory dysfunction. After the last fentanyl 
sample, naloxone transiently reversed the respiratory 
depression. The decision to extubate was made by the 
pediatric intensive care staff and was based primarily 
on the attainment of a Paco, of less than 41 torr and 
satisfactory oxygen tensions with inspired oxygen 
fractions ranging between 0.21 and 0.40 during spon- 
taneous ventilation. Note that all four of these neo- 
nates were 24 hr old or less and weighed between 2.6 
and 4 kg. 


Discussion 


Moderate to high-dose fentanyl in our fourteen neo- 
nates resulted in mean values of t8, TBC, Vc, and 
Vdss larger than those reported in adults (5). Similar 
age-related pharmacokinetic differences between two 
neonates and four adults were recently reported by 
Johnson et al. (6). The adults had a mean Vc of 0.14 
L/kg and Vdss of 1.61 L/kg, which was significantly 
different from the Vc of 1.73 L/kg and Vdss of 5.94 
L/kg for the two neonates they studied. Neonatal val- 
ues in their patients are in close agreement with the 
Vc of 1.45 L/kg and Vdss of 5.1 L/kg in our fourteen 
neonates. The t,8 and TBC were also quite similar, 
i.e., 317 min and 17.94 m.kg min ! in our study 
compared to 294 min and 16.2 mlkg` '-min ^! in their 
study. In contrast, the adults in the study by Johnson 
et al. had a t4 of 129 min and TBC of 10 m--kg ^ min "7. 

The implications of the larger Vc and Vdss in neo- 
nates compared to adults are, first, that the initial and 
steady state neonatal plasma fentanyl concentrations 
will be lower for the same ug/kg dose and, second, 
that fentanyl elimination will be prolonged. However, 


. the? highly, vanih e pharmacokinetic parameters in our 


neonates preclude predicting this behavior with cer- 
tainty in individual neonates. The variability appears 
to be related in part to the site and type of surgical 
lesion. For example, neonates with increased abdom- 
inal pressure had substantially greater t,,8 than the 
other patients. This suggests retention of fentanyl in 
a poorly perfused compartment, diminished splanch- 
nic and hepatic blood flow, or both, which could be 
expected to delay biotransformation and elimination. 
Fentanyl has a high hepatic extraction ratio, and thus 
clearance is primarily dependent on hepatic perfusion 
(7). Consequently, the decrease in hepatic blood flow 
that occurs with increased abdominal pressure will 
slow fentanyl clearance. Masey et al. found a 40% 
decrease in liver blood flow and a 21% decrease in 
cardiac output when the intraabdominal pressure in 
newborn lambs was 20 mm Hg (8). Intragastric pres- 
sures of 20 mm Hg have been recorded during repair 
of omphalocele and gastroschesis (9). The decrease in 
cardiac output secondary to increased intraabdominal 
pressure also contributes to reduction in the clearance 
of fentanyl because low cardiac output retards the 
transfer of fentanyl from peripheral tissues to the 
plasma. This transfer has been identified as the rate- 
limiting step in the removal of fentanyl from the body 
(10). 

The transient rebounds in fentanyl plasma levels 
that occurred in seven patients may reflect seques- 
tering and subsequent release of fentanyl, and were 
not well-described by a compartmental model. Similar 
rebounds in fentanyl plasma levels have been re- 
ported by others in adults (10—14). Stoeckel et al. dem- 
onstrated biphasic depression of the carbon dioxide 
response curve secondary to increases in the plasma 
fentanyl concentration 45-60 min after injection (11). 
Others have reported secondary fentanyl peaks dur- 
ing the first 5 min after injection (12), within 45 min 
of the end of surgery (13), 20—90 min after injection 
(14), and at 2-4 hr and again at 5—7 hr after injection 
(10). Similarly, in our neonates the fentanyl rebound 
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occurred anywhere from 10 min to 15 hr after injec- 
tion. The two patients (numbers 3 and 11) who had 
three transient increases in plasma fentanyl levels were 
also the same patients who required markedly pro- 
longed ventilatory support and intubation (Table 3). 
These two full-term newborns had no surgical or other 
disease which could explain this respiratory depres- 
sion. It is compatible with prolonged t8 and low TBC 
but may also reflect an increased sensitivity to the 
respiratory depressant effects of fentanyl. Because a 
strong correlation exists between the concentration of 
fentanyl in plasma and in cerebrospinal fluid and the 
degree of respiratory depression (15), evidence 
suggestive of increased sensitivity in neonates would 
be a lower plasma fentanyl concentration at which 
respiratory recovery permits extubation. The mean 
fentanyl concentration at the time of extubation in 
these four neonates was calculated to be 0.37 ng/ml 
(range 0.05-0.77 ng/ml) (Table 3). In adults higher 
plasma fentanyl levels are generally required before 
ventilatory depression is seen. Cartwright et al. found 
that 50% depression of the CO; response curve in 
adult patients occurred when plasma fentanyl con- 
centration reached 2.0-3.1 ng/ml (16). They chose 50% 
depression of the CO, ventilatory response curve as 
a sensitive index of ventilatory depression because, 
at this point on the curve, resting ventilation was 
sufficiently depressed to cause elevation of the Paco; 
above 45 torr. In another study, fentanyl plasma levels 
of 4.6 ng/ml were necessary to produce 50% depres- 
sion of the CO; response curve in healthy adult vol- 
unteers (17). Lehmann et al. observed no clinically 
relevant respiratory depression in adults when plasma 
fentanyl concentration was 0.2-6.8 ng/ml (18). Thus 
when our newborn results are compared to these find- 
ings in adults, a logical conjecture is that the new- 
borns we studied were more sensitive to the respi- 
ratory depressant effect of fentanyl. Factors contributing 
to this increased sensitivity were not determined, but 
in the case of morphine it is most likely due to the 
greater permeability of the newborn brain to mor- 
phine (19,20). Whether any further increase in perme- 
ability to the highly lipid-soluble narcotic, fentanyl, 
can occur is unknown. The extent to which lower 
brain myelin content, higher cerebral blood flow, al- 
tered protein binding (2), and differences in respira- 
tory control mechanisms in immature newborns (21—23) 
affect the sensitivity to fentanyl also has not been 
investigated. 

In conclusion, both pharmacodynamic and phar- 
macokinetic mechanisms appear to be responsible for 
the extremely prolonged ventilatory depression that 
can occur in newborns after fentanyl anesthesia. The 
highly variable disposition of fentanyl in neonates 
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further compounds the difficulty of predicting full 
and permanent ventilatory recovery after fentanyl 
anesthesia. In those neonates with increased intraab- 
dominal pressure, the t4B will be predictably 
prolonged. 
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Plasma concentrations and the degree of neuromuscular 
blockade after a 2-min infusion of 0.1 mg/kg of vecuronium 
bromide or pancuronium bromide (equipotent doses) were 
studied in 12 gynecologic patients. The plasma concentra- 
tions of both drugs declined in a triphasic manner. The 
difference between the intercepts and rate constants of the 
two drugs was not significant. Vecuronium was removed 
faster from the plasma than pancuronium; this was reflected 
in a significantly larger plasma clearance rate for vecuron- 
ium (4 mlmin «kg ^! vs 1.1 mbmin ^ -ke^! for pancuro- 


The recently introduced muscle relaxant, vecuronium 
bromide, has a shorter duration of action and a more 
rapid recovery than its bisquaternary homologue pan- 
curonium (1—4). Early studies of the pharmacokinetics 
of vecuronium in dogs (5) and humans (6,7) suggested 
that the shorter duration of action of vecuronium could 
be attributed to its shorter terminal half-life and rel- 
atively larger plasma clearance when compared to 
pancuronium. This conflicted with our findings in an 
earlier pilot study (8) where the decline of vecuronium 
plasma concentration was resolved into three expo- 
nential terms with a terminal half-life that did not 
seem to differ significantly from that of pancuronium 
as reported i in other studies (9-11). 

This prompted us to study the pharmacokinetics 
and dynamics of vecuronium and pancuronium in 
similar clinical conditions after the administration of 
equipotent doses of vecuronium and pancuronium 
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nium). The effective plasma concentrations at 50% recovery 
of the twitch height were 0.11 + 0.02 (vecuronium) and 
0.2 + 0.03 ug/ml (pancuronium). The disposition kinetics 
were adequately described by a three-compartment model. 
An effect compartment was added to the model to correlate 
the neuromuscular effects and plasma concentrations of both 
drugs. The ratio between concentrations of vecuronium and 
pancuronium in the effect compartment at 50% twitch height 
was 0.83. In spite of its greater potency, vecuronium has 
a shorter duration of action than pancuronium. | 


Key Words: NEUROMUSCULAR RELAXANTS— | 
pancuronium, vecuronium. poe one 
[CS—pancuronium, vecuronium. 


using a more sensitive assay method, namely fluor- 
imetric analysis (lower limit of detection, 5 ng/ml). 


Methods 


This study was approved by the Ethics Committee of 
the University Hospital of Groningen. All 12 patients 
gave their informed consent to participate in the study 
at the preoperative visit. 

The patients were between 20-70 years of age and 
all had a preoperative ASA status of either I or II. All 
patients underwent minor gynecologic procedures that 
did not cause loss of more than 20% of the blood 
volume. No patient was being treated with medica- 
tions known to interfere with the effect of neuro- 
muscular blocking agents. 


Anesthesia 


Patients were premedicated with pantopon (Omno- 
pon), 0.2 mg/kg, and atropine, 7 ug/kg intramuscu- 
larly, 45 min before the start of the operation. Anes- 
thesia was induced with thiopental, 3-5 mg/kg, 
followed by fentanyl, 1.5 ug/kg. Tracheal intubation 
was facilitated by succinylcholine, 1 mg/kg. Artificial 
ventilation was commenced, and anesthesia was 
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maintained with 33% oxygen in nitrous oxide and 
0.5% halothane. Fentanyl in fractional doses of 1.5 
pg/kg was added as required (total dose 0.5 + 0.2 
mg). The esophageal temperature stayed between 
35.5-37?C during the studies, and the end-tidal CO; 
remained between 4 and 5 kPa. 


Experimental Procedure 


The neuromuscular effects of both pancuronium and 
vecuronium were monitored by measuring the twitch 
tension of the adductor pollicis muscle. This was in- 
directly stimulated, every 10 sec, by single supra- 
maximal square-wave electrical impulses of 0.2 msec, 
applied to the ulnar nerve at the wrist. The force of 
the resultant contraction of the adductor pollicis mus- 
cle was sensed by a force displacement transducer 
(Statham UC3) taped in the patients' fists and re- 
corded on a Gould Brush recorder generated by a 
Myotest nerve stimulator. Neuromuscular monitor- 
ing was commenced immediately after induction of 
anesthesia and the twitch height recording allowed 
to stabilize for 10 min before tracheal intubation. After 
the administration of succinylcholine for intubation, 
the twitch height was allowed to recover to 100% of 
the control value and to stabilize for a further 10 min. 
Vecuronium (n = 7) or pancuronium (n = 5), 0.1 
mg/kg, dissolved in 10 ml sterile water, was then in- 
jected over 2 min in a rapidly running infusion in the 
arm opposite to that used for blood sampling. 
Samples of blood, each of 8 ml, were collected from 
a peripheral vein in the arm opposite to that used for 
infusion of drugs. Blood was sampled several minutes 
before and 1, 3, 5, 7, 10, 15, 20, 30, 45, 60, 90, 120, 
180, 240, and 300 min after the administration of the 
neuromuscular blocking agent. Additional blood sam- 
ples were obtained at 50% recovery of the twitch. All 
samples were immediately buffered with 2 ml of a 1M 
disodium hydrogen phosphate solution to a pH of 4 
to prevent degradation of the vecuronium in vitro 
(Appendix 1). Samples were then centrifuged and the 
separated plasma deep-frozen to await further analysis. 


Chemical Analysis 


Concentrations of vecuronium or pancuronium in the 
plasma were measured by a modified fluorimetric as- 
say that was originally described for pancuronium by 
Kersten et al. (12). This modified technique has a de- 
tection limit of 5 ng/ml of plasma and the coefficient 
of variation is 3-10% in the 5-1000 ng/ml range. Each 
sample was then further analyzed by thin-layer plate 
chromatography to distinguish vecuronium or pan- 
curonium and their putative metabolites from one an- 


SOHN ET AL. 







PANC URO NIUM 
pg/ml 


VECURONIUM 


0 60 120 180 240 
mins 
Figure 1. Plasma concentrations of vecuronium and pancuronium 
after 0.1 mg/kg, intravenously. O, mean. T, SEM. Vertical bars bi- 
secting plasma curves indicate plasma concentration at 50% recov- 


ery (for vecuronium, 0.11 + 0.02 ug/ml (mean + sD); for pancu- 
ronium, 0.2 + 0.03 ug/ml). 


other. The density and size of the spots on the plate 
were compared to those produced by known amounts 
of the reference compounds. The error of this semi- 
quantitative technique is about 10%, and as little as 
150 ng of a compound can be detected. 


Pharmacokinetic Analysis 


Individual plasma curves were analyzed by a com- 
puter program written by one of us (AHJS). This re- 
iteratively peels the experimental data plotted on a 
semi-log scale using linear regression analysis. Plasma 
curves could be resolved into up to five residual ex- 
ponential terms. The number of terms best fitting the 
experimental data was then determined by using the 
statistical criteria described by Boxenbaum et al, (13). 
The calculated intercepts of the residual exponential 
functions were corrected to allow for the 2-min in- 
fusion of the muscle relaxant (14). Microparameters 
of the models describing the plasma curves were cal- 
culated using standard equations (15). An effect com- 
partment was added to the model to correlate the 
plasma concentrations with the neuromuscular block- 
ing activity of the investigated compound. This is de- 
scribed in detail in Appendix 2. 


Statistical Analysis 


For the statistical analysis of the data the Wilcoxon 
rank sum test was used. The null hypothesis was 
rejected at the 5% level of significance. 
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Table 1. Macroparameters of the Plasma 
Concentration—Time Curves of Vecuronium and 
Pancuronium 


Vecuronium Pancuronium 
C; (ug:ml 7) 1.07 (84%) 0.80 (25%) 
C; (ugeml~') 0.45 (63%) 0.36 (58%) 
C; (gml?) 0.06 (54%) -0.18 (164%) 
A, (min™?) 0.54 + 0.3 0.25 + 0.13 
Àz (min!) 0.069 + 0.029 0.031 + 0.031 
Às (min!) 0.0059 + 0.0036 0.0036 + 0.0023 
(tV2), (min) 1.27 2.57 
(t2); (min) 10.00 22.60 
(t2), (min) 116.00 190.00 
Voss (L-kg^!) 0.48 + 0.27 0.29 + 0.15 
Cl(mkmin-* kg^?) 4.00 + 1.78 1.10 + 1.64 


C;-C; are the intercepts on the ordinate (plasma concentration) of the 
plasma concentration-decay curve at time — zero of the component expo- 
nential functions forming the polyexponential plasma decay curve; the sub- 
scripts 1-3 refer to the component exponential curves. A;-A3 are the rate 
constants describing the speed of decrease of the component exponential 
curves forming the plasma concentration-decay curves. (tV2),- (tV) are the 
half-lives of the component exponential curves forming the plasma concen- 
tration decay curve. Vpss is the apparent volume of distribution at steady 
state conditions. Cl is the total body clearance. 

Because the plasma concentration curves were plotted on a semi-log 
scale, the intercepts C.-C; are presented as mean and % coefficient of vari- 
ation in brackets. 

All other data is presented as mean + sp. 

* Significant difference between vecuronium and pancuronium. 

P « 0.05; Wilcoxon rank sum test. 


Results 
Plasma Concentrations 


The decreases of the plasma concentrations of vecu- 
ronium and pancuronium are compared in Figure 1. 
In most of the patients the plasma concentration de- 
cay curve could best be resolved into three exponen- 
tial terms, macroparameters of which are listed in 
Table 1. 

Due to the rather large variation, none of these 
macroparameters differed significantly between ve- 
curonium and pancuronium. However, the areas un- 
der the curve and thus the clearance values of pan- 
curonium and vecuronium differed significantly (Table 
1). Vecuronium was accordingly removed more rap- 
idly from the plasma such that the effective plasma 
concentration corresponding with 50% recovery of the 
twitch height was reached within 45 min after the 
injection of vecuronium in contrast to about 120 min 
after pancuronium (Fig. 1). 

The disposition kinetics of both muscle relaxants 
could best be represented by a three-compartment 
model (Fig 2, inset). The microparameters of the models 
for vecuronium and pancuronium are compared in 
Table 2. 
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The distribution rate constants (kı) as well as the 
elimination rate constant (kio) of vecuronium were 
three and five times higher than those of pancuro- 
nium, respectively. 


Effect-Concentration Relationships 


Using the above-mentioned model, we plotted the 
time course of the concentration of vecuronium and 
pancuronium in the three compartments of the model 
(Fig. 2). The relationship between the concentration 
of vecuronium in each compartment and its neuro- 
muscular blocking effects was then plotted as shown 
in Fig. 3. 

The large degree of hysteresis shown by the curves 
for all three compartments of the model indicates poor 
correlation between the mean concentration of ve- 
curonium in these compartments and effect. Figure 4 
correlates the neuromuscular blocking effects and 
concentrations of both drugs in the effect compart- 
ment, which had to be added in order to allow good 
correlation of the tissue concentration and effect. Fig- 
ure 5 shows the course of the neuromuscular blockade 
simulated by this model superimposed on the aver- 
aged experimental data. The fit of the simulated curves 
to the measured points is very adequate. 


Discussion 


It is apparent from this study that the basis of the 
shorter action and recovery of vecuronium when com- 
pared to pancuronium is the more rapid removal of 
vecuronium from the plasma so that the plasma con- 
centration corresponding to 50% recovery of the twitch 
height is reached earlier with vecuronium. The rea- 
sons for this more rapid efflux of vecuronium from 
the plasma are not discernible from the residual plasma 
curves because there is no significant difference be- 
tween the parameters of the two drugs. The model 
microparameters, however, identify two processes that 
could contribute to the rapid removal of vecuronium 
from the plasma, namely, a faster rate of transfer of 
vecuronium from the central compartment to the deep 
peripheral tissues (k;3) as well as a larger rate of elim- 
ination of vecuronium (kọ) (see Table 2). The brisker 
elimination of vecuronium (as indicated by the larger 
rate constant of the terminal phase of the decay curve 
of vecuronium) is supported by the majority of the 
available studies on the pharmacokinetics of vecu- 
ronium and pancuronium (7,9—11,18). The contribu- 
tion of the distributive element to the rapid plunge 
of the vecuronium plasma concentration is, however, 
ignored by most of these studies. It has been sug- 
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Table 2. Kinetic Microparameters of Disposition Models 
for Vecuronium and Pancuronium 


Vecuronium Pancuronium 
Vi (L-kg^) 0.048 + 0.02 0.061 + 0.014 
V2 (L-kg~") 0.054 + 0.031 0.073 + 0.041 
V3 (L-kg~*) 0.38 + 0.22 0.16 + 0.12 
kız2 (min™*) 0.23 + 0.18 0.12 + 0.09 
ka, (min ^) 0.19 + 0.12 0.11 + 0.062 
k; (min ^!) 0.086 + 0.024? 0.026 + 0.0247 
k3: (min!) 0.013 + 0.007 0.014 + 0.016 
kio (min ^!) 0.099 + 0.049* 0.019 + 0.0046" 


V,~V3 are the volumes of distribution of the three compartments (hence 
subscripts 1-3) forming the kinetic disposition model. 

k is the rate of transfer of drug from one compartment to the other; the 
direction of transfer is denoted by the subscripts 0-3 where 0 means extra- 
corporeal, and 1-3 refer to compartments 1, 2, 3, respectively, of the dis- 
position model. Thus k;; refers to the rate of transfer of drug from com- 
partment 1 to compartment 2 and so on. 

All data presented as mean + sp. 

Significant difference between vecuronium and pancuronium. 

P < 0.05; Wilcoxon rank sum test. 


gested that, in humans (20), this rapid distribution is 
related to rapid uptake of vecuronium into the liver. 

The effective plasma concentration at 50% recovery 
of the twitch height of vecuronium is almost half that 
of pancuronium (0.11 vs 0.20 ug/ml, respectively). 
However, in view of the more rapid distribution of 
vecuronium to the deep peripheral tissues, no con- 
clusion can be drawn as to the potency of vecuronium, 
relative to pancuronium, from these data alone. The 
effective concentration of the drugs in the postulated 
effect compartment at 50% twitch height could, how- 
ever, allow a more adequate comparison. Evaluated 
in this way the potency ratio of vecuronium to pan- 
curonium is about 0.83 (0.15:0.18 ug/ml). 

In this study, the decay of the plasma concentration 
of vecuronium occurred in a triexponential manner, 
in contrast to that described in earlier studies (6,7) 





t 
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Figure 2. Concentrations of vecuronium 
or pancuronium in the three compart- 
ments of the pharmacokinetic model (inset). 
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Figure 3. Mean log concentrations (x axis) vs effect (y axis) in each 
of the three compartments of the disposition model. 1, compart- 
ment 1; 2, compartment 2; 3, compartment 3. The arrows on the 
curves indicate the course of the neuromuscular blockade, i.e., 
onset-duration-offset. Vecuronium only shown. 


where plasma concentrations declined biexponen- 
tially. One factor that might explain this discrepancy 
is the difference in the methods used to measure the 
plasma concentrations. In one study (6), plasma con- 
centrations of vecuronium, measured by the relatively 
insensitive high-performance liquid chromatogra- 
phy—lower limit of detection 50 ng/ml (16)—could 
be observed for only 90 min after the injection of 
vecuronium. Consequently, the larger part of the 
slower, terminal elimination phase was probably not 
detected. In the other study, which also made use of 
high-performance liquid chromatography (7), large 
doses (74.5 times the EDəọ) had to be employed in 
order to observe the plasma concentrations for a longer 
period. Large doses could, however, lead to nonlinear 
processes (17) with consequent flattening of the dis- 
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Figure 4. Curves of log concentrations in effect compartment (x 
axis) vs relaxant effect (adductor pollicis) (y axis) for vecuronium 
(——) and pancuronium (---). A4, Transfer rate constant (for ve- 
curonium, 0.114 min~'; for pancuronium, 0.146 min!) between 
effect compartment and driving compartment (compartment 1). 
The ratio of the concentration of vecuronium to pancuronium in 
the effect compartment at 50% twitch height = 0.83 (0.15/0.18 


pg/ml). 


tribution slopes of the plasma concentration decline 
and merging of the early and late distribution slopes 
into one. In a more recent study that used the very 
sensitive mass spectral analysis to measure the plasma 
concentration (level of detection 2 ng/ml), Cronnelly 
et al. found that the plasma concentration-decay curve 
of vecuronium was also resolved into three residual 
exponential terms (18). 

Contrary to our finding in the present study, Cron- 
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Figure 5. Simulated course of neuromuscular blocking effects using 
effect compartment (curves) superimposed on experimental data 
points (*). Pancuronium ( ), vecuronium (----). 





nelly et al. (18) calculated a terminal half-life for ve- 
curonium that was significantly shorter than that of 
pancuronium. This disparity between the present study 
and that of Cronnelly et al. could possibly be attrib- 
uted to methodologic shortcomings in both these 
studies. Cronnelly et al. do not mention whether they 
buffered the plasma samples to prevent in vitro deg- 
radation of vecuronium, which is known to occur to 
a substantial degree above a plasma pH of 4 (Appen- 
dix 1). Because these workers measured exclusively : 
unchanged vecuronium by means of mass spectrom- 
etry (a method that besides being very sensitive is 
also very selective in that it can measure the parent 
compounds and their metabolites separately) (19), this 
could well have resulted in considerable underesti- 
mation of the original concentration of vecuronium 
in the blood samples before in vitro degradation oc- 
curred. This could, consequently, account for the sig- 
nificant difference in the terminal half-lives of vecu- 
ronium and pancuronium found in that study (18). 
In contrast, the combined fluorimetric-chromato- 
graphic assay used in our study is probably not spe- 
cific enough to differentiate vecuronium from each of 
its metabolites at lower plasma concentrations. The 
determination of the aggregate concentration of ve- 
curonium and its metabolites during the terminal phase 
of the decline of vecuronium plasma concentration 
possibly led to an overestimate of the half-life of this 
phase. This could explain why we failed to observe 
any significant difference between the terminal half- 
lives of vecuronium and pancuronium in the present 
study. À separate study of the pharmacokinetics of 
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the metabolites by mass spectrometry should provide 
a conclusive answer to these questions. 

In conclusion, this investigation has shown that, 
when compared to pancuronium, vecuronium is re- 
moved from the plasma more rapidly so that ineffec- 
tive plasma concentrations are attained sooner than 


with pancuronium. It seems that this more rapid plasma 


efflux of vecuronium is due both to a faster rate of 
elimination as well as to a more rapid transfer of ve- 
curonium to peripheral tissues. Based on the effective 
concentration in the effect compartment, vecuronium 
is apparently only slightly more potent than pan- 
curonium. 


Appendix 1 


The information below was generated and provided 
by Drs. J. Paanakker and G. v.d. Laar of the Scientific 
Development Group of Organon International BV, 
Oss, The Netherlands. 


Table A1. Rate of In Vitro Degradation of Vecuronium in 
Plasma under Different pH and Temperature Conditions 


% Vecuronium 


Temperature (*C) pH Storage (hr) unaltered 

22 7.4 1.5 72 
22 7.4 4 51 
22 7.4 24 ri 
22 4 1.5 100 
22 4 4 100 
22 4 24 100 

4 7.4 1.5 100 

4 7.4 4 85 

4 7.4 24 35 


Appendix 2 


Addition of an Effect Compartment to the Three- 
Compartment Disposition Model of Vecuronium and 
Pancuronium. The following symbols are used in the 
mathemiaticál analysis that follows: 
Ny number of compartments of the disposition 
model. 
b, the effect compartment = n + 1. 


ba IE and stipulates a compartment of the 
disposition model. 

j,1,...nand stipulates a phase or exponential of 
the amount vs time curve in each compartment 
of the disposition model. 


A, amount of drug in a compartment. 
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A(t), amount of drug in effect compartment at 
time t. 

Xj, intercept of exponential j in compartment i of 
the amount vs time curve. 


k, transfer rate constant. 

A, hybrid rate constant. 

V, volume of a compartment. | 
AUC, area under the curve. 


Using the principle described by Hull et al. for pan- 
curonium (21), we considered the biophase compart- 
ment to be of such small dimensions that the flow of 
drug to and from this compartment would not have 
any discernible effect on the amount of drug that is 
distributed throughout the three compartments of the 
disposition model. With this proviso, the change of 
the amount of drug in the effect compartment is de- 
scribed by Equation 1: 


d A(t)y 
dt 





— ka Y Xje TAR — kA), (1) 


j=1 


Note that in equation (1), Xy is the intercept of com- 
partment 1 in phase j and has, therefore, here the 
dimensions of amount and not of concentration. 

Solving Equation 1 by integration gives the follow- 
ing equation: 


n X; 
A(t), = kip ` Ea, 
ay 


j=l 


e^t 





no yx. 
g reos ew (2) 
(> Àj — ky; 
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It is evident from Equation 2 that the time course of 
the amount of vecuronium or pancuronium in the 
effect compartment A(t), is not affected by the rate 
constant kø determining the transfer of the drugs from 
one of the compartments of the disposition model to 
the effect compartment. This constant can, therefore, 
be disregarded; and only kẹ, the rate constant deter- 
mining the efflux of the drugs from the effect com- 
partment to one of the disposition model compart- 
ments, needs to be calculated. 

To compute k,; Equation 2 was reiteratively solved 
for varying values of kj; from 0 to 1 and for values of 
i = 1,...n. The logarithm of the amount of drug in 
the effect compartment calculated in this way was 
then plotted each time against the logit transforma- 
tion of the effect (twitch height) (Hill transformation) 
until the scatter was least. This was found to be so 
when: 1) the value of k,; was 0.114 min ! and 0.146 


min ! for vecuronium and pancuronium, respec- 
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tively; and 2) while the effect compartment was driven 
by compartment one of the disposition model. 

In order to calculate the change of concentration 
in the effect compartment, the amount in this com- 
partment, computed as described above, was related 
to the volume of distribution of this compartment 
which was in turn calculated from Equation 3: 


V, me V; X AUC,/AUC; (3) 
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The Effect of Acute Hypocapnia on Human Median Nerve 


Somatosensory Evoked Responses 


Armin Schubert, MD, and John C. Drummond, MD 


SCHUBERT A, DRUMMOND JC. The effect of acute 
hypocapnia on human median nerve somatosensory 
evoked responses. Anesth Analg 1986;65:240-4. 


This study was undertaken to define the effect of acute hy- 
pocapnia on intraoperatively recorded somatosensory evoked 
potentials (SSEPs). Median nerve SSEPs were studied in 
ten anesthetized neurologically normal adult patients 
undergoing elective nonneurologic surgery. End-tidal car- 
bon dioxide tension (ETCO;) was allowed to stabilize for 15 
min before SSEP recordings were obtained during normo- 
capnia (N) (ETco, = 39.9 + 1.45 mm Hg), hypocapnia 
(H) (ETco, = 20.6 + 1.07 mm Hg), and after return to 
normocapnia (NR). Although a trend toward a reduction 
in the latencies of all SSEP components was evident, only 
the cervical (Cy), and cortical (N; and P,) latencies decreased 
significantly with H when compared to N. Mean latencies 


Changes in arterial carbon dioxide tension (Paco;) are 
said to affect sensory evoked responses (SERs) (1). 
Accordingly, it has been recommended that acute 
changes in arterial blood gas tensions be avoided in 
order to facilitate accurate assessment of SERs during 
critical monitoring periods (2,3). Because the evidence 
for a substantial effect of low carbon dioxide tension 
on SERs is not well-documented, we undertook the 
following study to determine the influence of acute 
hypocapnia on human median nerve somatosensory 
evoked potentials (MnSSEPs). 


Methods 


This study was approved by the Committee on In- 
vestigations Involving Human Subjects of the Uni- 
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for Cy, Ni, and P, (+ SD) were, respectively, 14.80 + 
1.14, 20.93 + 1.50, and 25.17 + 2.88 msec during N, 
and 14.50 + 1.13, 20.25 + 1.49, and 24.23 + 2.52 msec 
during H. On return to normocapnia, latencies were un- 
changed from N. Cortical latencies were affected to a greater 
extent than subcortical ones. Aside from a small but sta- 
tistically significant increase in Cy amplitude at H (2.05 
+ 0.55 pV vs 1.83 + 0.49 uV at N), SSEP amplitudes 
were unaffected by hypocapnia. The authors conclude that 
acute hypocapnia in neurologically normal patients results 
in a small reduction of SSEP latencies. The magnitude of 
the change is such that it is unlikely to interfere with re- 
cording or interpretation of intraoperative SSEPs. 


Key Words: BRAIN, EVOKED POTENTIALS—somato- 
sensory. CARBON DIOXIDE--hypocarbia. 


versity of California, San Diego. Each of the ten neu- 
rologically normal adult subjects (mean age 31.6 + 
11.9 yr) gave informed consent and was premedicated 
with morphine, 0.2 mg/kg intramuscularly, 60 min 
prior to induction of anesthesia. Under local anes- 
thesia, an intravenous catheter was inserted in the 
forearm contralateral to the extremity to be stimulated 
for SSEP recording. Anesthesia was induced with 
thiopental, 4-8 mg/kg, and fentanyl, 10-15 ug/kg, and 
was maintained with a combination of nitrous oxide 
(65% inspired), isoflurane (0.5% inspired), and a non- 
depolarizing muscle relaxant. Total fresh gas flow was 
maintained at 9 L/min. The trachea was intubated, 
and the lungs were mechanically ventilated to main- 
tain a normal end-tidal carbon dioxide tension (ETCO;), 
as measured by infrared absorption spectral analysis 
using an Expanded Performance CO; Monitor (Pu- 
ritan Bennett Co., Overland Park, KS). Care was taken 
to calibrate and employ this instrument in strict ob- 
servance of the manufacturer's guidelines. 

SSEPs were recorded using a Pathfinder II Electro- 
diagnostic Monitoring System (Nicolet Biomedical, 
Madison, WI). The stimulation site over the median 
nerve at the wrist was identified with a bar-electrode 
stimulator (interelectrode distance = 3 cm). Adhesive 
electrodes were applied and the stimuli, which con- 
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Figure 1. An example of reproducible MnSSEPs obtained from an 
anesthetized patient during normocapnia. Refer to text for full ex- 
planation of abbreviations. 


sisted of 200 constant current impulses of 100 usec in 
duration, were delivered at a rate of 3.1/sec. Stimulus 
intensity was adjusted to motor threshold plus 50%. 
To prevent local cooling, the stimulated extremity was 
wrapped. | 

SSEP waveforms were obtained simultaneously on 
three amplifier channels from recording electrodes (gold 
disk type, Grass Instruments) placed over the ipsi- 
lateral brachial plexus (Erb's point, channel 1), the 
spinous process of the second cervical vertebra (Cy, 
channel 2), and the contralateral sensory cortex (C;’ 
or C4', channel 3), each referenced to FPz (Interna- 
tional 10-20 system). The ground electrode was lo- 
cated over the mastoid process. Electrode impedances 
were maintained at less than 3 kQ. The acquired sig- 
nals were amplified 120,000 times (corresponding to 
a Pathfinder sensitivity setting of 50 nV). Bandpass 
filters were set at 30, and 250 Hz and a timebase of 
40 msec following the stimulus was analyzed. All re- 
cordings were obtained in duplicate and compared 
for reproducibility. They were stored on magnetic disk 
for subsequent measurement of latency and ampli- 
tude using electronic cursors. 

An example of a typical waveform acquired from 
an anesthetized normocarbic subject and analyzed in 
this manner is shown in Figure 1. The nominal ne- 
gativities N9, N14, and N20 are referred to in this 
communication as Erb's (Point), Cy, and N, respec- 
tively, and the positive deflection immediately follow- 
ing N; as P1. Amplitude measurements were made 
from each negativity to the succeeding positive wave- 
form peak. In addition, a derived variable, the central 
conduction time (CCT), was calculated from the Cyr-N; 
interwave latency. 

Control SSEPs at normocapnia (N) were obtained 
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Figure 2. The effect of acute hypocapnia on MnSSEP latencies. 
Refer to text for full explanation of abbreviations. 


approximately 20-25 min after induction when stable 
normocarbia (ETCO; 37-40 mm Hg) had been main- 
tained for 15 min. Hypocapnia (H) was then induced 
by mechanical hyperventilation and maintained at an 
ETCO; of 20-22 mm Hg for 15 min and repeat Mn- 
SSEPs were acquired under (H). ETCO; was then al- 
lowed to return to control level (38-41 mm Hg) by 
reducing minute ventilation. ETCO; was maintained 
at this level for 15 min, and the final MnSSEP (NR) 
was then recorded. No recordings were made earlier 
than 20 min after induction or surgical incision. 

Each time that evoked responses were recorded, 
mean arterial pressure (MAP), heart rate (HR), na- 
sopharyngeal temperature (NT), and ETCO; were re- 
corded. A heater-humidifier, fluid warmer, and heat- 
ing blanket were employed to keep NT constant. In 
two patients, measurement of blood gas tensions in 
a sample of venous forearm blood obtained without 
use of a tourniquet was also performed. 
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Table 1. Physiologic Variables 


Normocapnia Hypocapnia Return to 
(N) (H) normocapnia (NR) 
ETCO; 39.9414 2062 1.1 39.6 + 1.2 
(mm Hg) 
MAP 80.4 + 15.5 84.8 + 12.7 83.6 + 13.4 
(mm Hg) 
HR 68.3 + 13.6 68.8 + 12.0 66.0 + 11.9 
(beats/min) 
NT (C) 36.2 + 0.6 36.2 + 0.6 36.2 + 0.6 


All values are mean + SD. 
Abbreviations: ETCO», end-tidal carbon dioxide tension; MAP, mean ar- 
terial pressure; HR, heart rate; NT, nasopharyngeal temperature. 


Statistical Analysis 


The data obtained at N, H, and NR were subjected 
to a repeated measures analysis of variance. If a sig- 
nificant change was detected for a given set of mea- 
surements, pairwise comparisons were performed us- 
ing the Bonferroni t-test with appropriate corrections 
for multiple comparisons. 


Results 


Values of MAP, HR, and NT did not change signifi- 
cantly throughout the study period (Table 1). The 
ETCO; during H averaged 20.6 + 1.1 mm Hg, 19.3 
mm Hg below that observed during N. This is con- 
sistent with the 20-mm Hg difference in venous PCO, 
measured in the two patients from whom blood sam- 
ples were taken. Reproducible evoked response re- 
cordings were obtained at every measurement inter- 
val. Table 2 and Figure 2 show the latencies of the 
various SSEP components during N, H, and NR. Al- 
though there was a trend toward a decrease in the 
latencies of all SSEP components and CCT, only Cp, 
N,, and P, latencies were significantly shorter during 
H when compared to N or NR. Mean decreases (+ 
SD) in latency were 0.31 + 0.23 msec, 0.68 + 0.53 
msec and 0.94 + 0.65 msec, respectively. On return 
to N, latencies were not different from control mea- 
surements made during N. Cortical amplitude changes 
associated with H were variable, ranging from — 40% 
to +34% for individual patients. However, with the 
exception of a small increase in Cy amplitude at H 
and NR, the alterations in the mean amplitude of 
SSEP components were not statistically significant 
(Table 3). 


Discussion 


Our results demonstrate that acute hyperventilation 
to an ETCO; of approximately 20 mm Hg consistently 
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Table 2. Effect of Acute Hypocapnia on MnSSEP 
Latency (msec) 


Normocapnia Hypocapnia Return to 
(N) (H) normocapnia (NR) 
Erb’s 11.55 + 0,72 11.38 + 0.71 11.53 + 0.90 
Cru 14.80 + 1.14 14.50 + 1.137 14.75 + 1.08 
Ni 20.93 + 1.50 20.25 + 1.499 20.83 + 1.44 
P, 25.17 + 2.88 24.23 + 2.52 24.82 + 3.04 
CCT 6.14 + 0.81 5.75 + 0.61 6.07 + 0.64 


All values are mean + sp. 
‘Significantly different (P < 0.05) from N. 
Refer to text (p 241) for full explanation of abbreviations. 


decreases MnSSEP latency by amounts less than one 
msec and that the effect on cortical amplitude is vari- 
able. The latter observation differs from the findings 
of Tachibana (1) who, in a study of the effects of 
stimulus intensity, nitrous oxide concentration, 
and mechanical hyperventilation on short latency 
MnSSEPs, noted a tendency for hyperventilated pa- 
tients to respond with a smaller amplitude than those 
maintained at N. Latency was not studied. Group size 
was small (four patients each), and it is not clear how 
well other variables which may affect SSEPs, such as 
anesthetic state and temperature, were controlled. Also, 
statistical analysis of the SSEP differences between 
hypocapnic and normocapnic groups was not under- 
taken. The present results are therefore difficult to 
compare with those of Tachibana. 

Chiappa (4) cites Larson et al. (5) as having ob- 
served that evoked potentials were independent of 
carbon dioxide tension until Paco, decreased below 
25 mm Hg. Unfortunately, little detail is available either 
about the magnitude of the observed response or the 
manner in which the observation was made by these 
investigators (5). Arterial carbon dioxide tension was 
not measured directly in our patients and was prob- 
ably 2-6 mm Hg higher than the observed ETCO; of 
20.6 + 1.07 mm Hg (6,7). Accordingly, the degree of 
hypocapnia achieved in our study (estimated Paco, 
= 23-27 mm Hg) probably did not greatly exceed the 
threshold for hypocapnia effects reported by Larson 
et al. Our data are thus consistent with their findings 
in the sense that, although we observed statistically 
significant decreases in latency at a Paco, in the vi- 
cinity of 25 mm Hg, the magnitude of these changes 
was small and probably of little clinical significance. 

The SSEP changes observed during hypocapnia were 
not likely to be due to factors other than those as- 
sociated with the decrease in carbon dioxide tension. 
Specifically, MAP, HR, and NT remained constant at 
an acceptable level throughout the study period. In 
addition, while peripheral nerve injuries due to in- 
appropriate positioning of patients have been shown 
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Table 3. Effect of Acute Hypocapnia on MnSSEP 
Amplitude (uV) 





Normocapnia Hypocapnia Return to 
(N) (H) normocapnia (NR) 
Exb's 1.42 + 0.90 1.52 + 0.85 1.43 + 0.83 
Cn 1.83 + 0.49 2.05 =: 0.55" 1.99 x 0.60" 
N;-P 0.89 x 0.42 0.87 + 0.36 0.73 x 0.42 





All values are mean + SD. 
*Significantly different (P « 0.05) from N. 
Refer to text (p 241) for full explanation of abbreviations. 


to affect SSEPs, our patients remained in the same 
position throughout the study and care was taken to 
avoid extreme head rotation and arm abduction. 

Changes in the anesthetic state could conceivably 
have contributed to the SSEP alterations we observed. 
Specifically, diminishing plasma levels of intravenous 
anesthetics after bolus administration of intravenous 
induction agents or changing arterial inhaled anes- 
thetic concentrations during hyperventilation might 
have had an influence. In order to minimize the effect 
of rapidly decreasing plasma thiopental and fentanyl 
levels, the initial normocapnic recordings were de- 
layed for at least 20 min after induction. 

Under nonsteady-state conditions, increasing min- 
ute ventilation can enhance delivery of inhaled an- 
esthetic with a resultant increase in the rate of increase 
of alveolar concentrations. In‘ our patients, inspired 
N.O and isoflurane concentrations as well as the level 
of mechanical ventilation were kept constant for at 
least 25 min prior to the start of hyperventilation, 
suggesting that near steady-state conditions should 
have been attained. Had this not been the case, hy- 
perventilation-induced increased anesthetic delivery 
combined with decreased uptake (through a reduc- 
tion in cardiac output) would be expected to produce 
a more rapid increase in the arterial inhaled anesthetic 
concentration. This should result in a lengthening, 
rather than a shortening of SSEP latencies (8). Thus 
the H-induced decrease in SSEP latency observed in 


this study conceivably would have been more prom- 


inent had hyperventilation-related changes in anes- 
thetic level been excluded. However, in all probability 
our patients were well-equilibrated with the inspired 
gas mixture prior to the initial SSEP recordings, and 
it is unlikely that changing concentrations of inhaled 
agents made a significant contribution. Measurement 
made during normocapnia (N) after the period of hy- 
pocapnia (H) in our study (NR) provided a means for 
evaluation of factors not related to hyperventilation 
per se. Thus the absence of SSEP changes between 
N and NR, as well as the constancy of HR and MAP 
during the study period, speak against the likelihood 
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that changing anesthetic levels had a significant in- 
fluence on the data which were obtained. 

The mechanisms involved in the shortening of SSEP 
latencies during hypocapnia must remain a matter of 
speculation. Hyperventilation may have augmented 
nerve excitability and conduction velocity (thus ac- 
counting for the shorter SSEP latencies) as a result of 
effects on ionized calcium levels. Alkalosis is widely 
known to reduce serum ionized calcium levels through 
increased protein binding and studies in vitro and in 
vivo have demonstrated increased excitability in nerves 
exposed to solutions of low calcium concentration 
(9,10). Transient improvement of symptoms of mul- 
tiple sclerosis as a result of measures that reduce serum 
ionized calcium has also been attributed to hypocal- 
cemia-related restoration of conduction in blocked de- 
myelinated nerve fibers and to improvement of con- 
duction in functioning fibers (11-13). Aside from its 
effect on ionized serum calcium hyperventilation may 
also enhance nerve excitability separately through di- 
rect effects of decreased Paco, (14) and hydrogen ion 
concentration (15). 

In summary, the present study demonstrates that 
only minor decreases (« 1 msec) in MnSSEP latencies 
occur during acute hypocapnia. Cortical latencies were 
affected to a greater extent than subcortical ones. The 
effect on cortical amplitude was variable. The authors 
conclude that the MnSSEP can be consistently and 
reliably recorded during acute hypocapnia to an ETCO; 
of 20 mm Hg (estimated Paco, = 23-27 mm Hg), and 
that hypocapnia-induced alteration of MnSSEP wave- 
forms is unlikely to interfere with clinical interpre- 
tation of SSEP changes. 
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Disposition and Urinary Excretion of Vecuronium Bromide in 
Anesthetized Patients with Normal Renal Function or Renal Failure 


Anton F. Bencini, MD, FFARCS, Arnold H. J. Scaf, Php, Yung J. Sohn, MD, 
Claude Meistelman, MD, André Lienhart, MD, Ursula W. Kersten, Sylvia Schwarz, MD, 


and Sandor Agoston, MD, PhD 


BENCINI AF, SCAF AHJ, SOHN YJ, MEISTELMAN C, 
LIENHART A, KERSTEN UW, SCHWARZ 5, 

AGOSTON S. Disposition and urinary excretion of 
vecuronium bromide in anesthetized patients with normal 
renal function or renal failure. Anesth Analg 
1986;65:245—51. 


The effect and plasma concentrations of vecuronium bromide 
were measured in normal patients after an intravenous dose 
of 50, 100, or 150 uglkg and in patients with renal failure 
after 50 or 100 pg/kg. Urinary excretion of vecuronium 
was studied in normal patients after the 150 pg/kg dose. 
Pharmacokinetic parameters of patients with or without renal 
failure were similar. No metabolites of vecuronium were 


In contrast to its bisquaternary homologue, pancu- 
ronium bromide, vecuronium bromide has a relatively 
short duration of action and less cumulative effects 
in patients with normal renal function (1—4) as well 
as in patients with renal failure (5). These desirable 
characteristics can be explained by a total clearance 
rate that is, with the exception of atracurium (6), faster 
than that of other nondepolarizing neuromuscular 
blocking agents (7). 

Urinary excretion of vecuronium probably contrib- 
utes only slightly to this sizeable clearance, because 
neither the pharmacodynamic nor the pharmacoki- 
netic behavior of vecuronium differs significantly in 
patients with renal failure or patients with normal 
kidney function (8). However, in the only study per- 
formed in patients with renal failure the assay method 
used (high performance liquid chromatography) lacked 
the sensitivity required for this type of study (limit of 
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found in the plasma. Twenty percent of vecuronium was 
excreted unchanged in the urine; 5% as the 3-hydroxy de- 
rivative. No other metabolites of vecuronium were found in 
the urine. Increasing doses of vecuronium shortened the 
onset, but prolonged the duration of action and the recovery 
rate, to a similar extent in patients with or without renal 
failure. It was concluded that the disposition of vecuronium 
was best described by a three compartment model. Both the 
disposition and the effect of vecuronium are only marginally 
disturbed by renal failure. 


Key Words: NEUROMUSCULAR RELAXANTS— 
vecuronium. 


detection 50 ng/ml). Moreover, no clinical study pub- 
lished so far has actually measured the amount of 
vecuronium excreted in the urine, although studies 
in the rat demonstrated that only about 3.5% of an 
injected dose of vecuronium is eliminated in the urine 
(9). 

We have therefore investigated the pharmacoki- 
netics of vecuronium bromide in patients with normal 
renal function or with renal failure, using a more sen- 
sitive and specific sequence of fluorimetric (limit of 
detection 10 ng/ml) and chromatographic analysis. In 
addition, the amounts of vecuronium and its metab- 
olites excreted in the urine were measured, and the 
recovery from neuromuscular block was correlated 
with the plasma concentration. 


Methods 
Patient Selection 


This study was approved by the Ethics Committees 
of the University Hospital of Groningen and the C.H.U. 
Pitié Salpétriére in Paris. All patients gave their in- 
formed consent to participate in the study at the pre- 
operative visit. 

The 37 male or female patients aged 20—50 yr were 
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Table 1. Kinetic Macroparameters of Plasma Curves 


Normal Renal failure 
50 ugkg * 50 ugkg ^" 
(n — 6) (n = 8) 
C; (ugeml~*) 0.74 (6896) 0.64 (62%) 
i = Sa 
C3 0.16 (75%) 0.07 (69%) 
A, (hr?) 15.18 + 9 15.6 + 13.8 
À2 — — 
Àa 1.29 + 1.4 0.58 + 0.3 
(t) (min) 2.74 2.63 
(t5); z m 
(tun) 34.11 71.32 
Vi (mikg ^?) — een 


Va“ (mbkg~*) -— ENS 
Cl (mimin~ kg ^?) — — 
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Normal Renal failure Normal 
100 ugkg "! 100 ug-kg ^! 150 ug*kg^! 
(n = 7) (n = 8) (n = 6) 
1.33 (77%) 1.05 (83%) 1.30 (33%) 
0.47 (65%) 0.46 (52%) 0.77 (90%)* 
0.07 (80%) 0.09 (112%) 0.04 (98%) 
34.14 + 18.4 25.08 + 23.6 30.42 + 30.4 
4.25 + 1.8 2.74 + 0.9 3.13 + 14 
0.35 + 0.3 0.28 + 0.2 0.39 + 0.3 
1.22 1.66 1.37 
9.80 15.21 13.31 

117.00 149.00 108.00 

42 + 25 53.80 + 32.11 76 + 68 
510 + 296 471 + 355 413 + 367 
3.18 + 0.21 2.57 + 0.31 4.58 + 0.65 


*4Significant differences between similarly marked groups (P = 0.05, Wilcoxon rank sum test). 

C;-Cs are the intercepts on the y-axis at time 0 of the component exponential curves (denoted by suffix 1, 2, 3) making up the plasma concentration 
decay curve. A1-À; are the rate constants describing the rate of decline of the component exponential curves making up the plasma concentration decay 
curve. (ti2);~(tig)3 are the half-lives of the component exponential curves and are another way of describing the rate of decline of these curves. V; is the 
apparent volume of distribution of the central department (compartment 1) of the kinetic model. V4* is the apparent volume of distribution of steady state. 
Cl is the total body clearance. Because plasma curves were analyzed on a semi-log scale, intercepts (Cj- C7) are presented as mean (% coefficient of variation). 


0.693 
All other data are presented as mean + sp. Half-lives (ti) are derived from the mean of the rate constants (A) according to the equation tj; = vu therefore 


no SD ts given here. 


allocated to five groups as shown in Table 1. Over- 
weight patients were excluded from the investigation. 
Patients with normal renal function were eligible for 
the study if classified as ASA I or II. Patients were 
considered to be in renal failure if they had a renal 
creatinine clearance of less than 5 ml/min; most of 
these patients had just been hemodialyzed before pre- 
senting for operation. Anephric patients whose gen- 
eral condition was worse than ASA III were not ac- 
cepted for this study. All patients with renal failure 
underwent operations to establish arterio-venous fis- 
tula. No patients who came in for renal transplanta- 
tion were accepted for this study because newly trans- 
planted kidneys have been shown to be capable of 
excreting some neuromuscular blocking agents, e.g., 
d-tubocurarine (10). Only patients who underwent 
operations that did not require transfusions of large 
amounts of fluid (more than 50% of the total blood 
volume) were investigated. 


Anesthesia 


Patients were premedicated with droperidol, 0.15 
mg/kg intramuscularly, together with atropine, 8-10 
pg/kg intramuscularly, 1 hr before induction of anes- 
thesia. Anesthesia was then induced with thiopental, 
3-5 mg/kg, followed by fentanyl, 2 ug/kg, and 66% 
nitrous oxide oxygen. Tracheal intubation was facil- 
itated with succinylcholine in patients given vecuron- 
ium, 100 or 150 ug/kg. Anesthesia was maintained by 
supplementation with fentanyl, to a total of 5-10 ug/kg, 


together with 0.5% halothane. Controlled ventilation 
was established, and the end-tidal CO, remained be- 
tween 4-5 kPa. Esophageal temperature was main- 
tained at +37°C by means of a warming mattress and 
warmed inspired anesthetic gases. Perioperative fluid 
balance was maintained with dextrose-saline solution 
(4.75-0.18%) at an average infusion rate of 4 or 2 
mlkg.- 'hr^! in normal patients or anephric patients, 
respectively. 


Experimental Procedure 


The design of the experiment is illustrated in Figure 
1. Using a Myotest nerve stimulator (11), the ulnar 
nerve was stimulated at the wrist through percuta- 
neous electrodes. The adduction force of the resulting 
thumb twitch was measured with a displacement 
transducer (Statham UC3, gold cell) and recorded on 
a Gould Brush 220 recorder. Single, square-wave, 
electrical impulses of 0.2-msec duration were applied 
to the nerve every 10 sec. Monitoring of neuromus- 
cular function was begun immediately after induction 
of anesthesia and continued until the twitch height 
had maximally recovered. Vecuronium bromide was 
administered, over 2 min, in a dose of 50 (n — 16), 
100 (n = 15), or 150 ug/kg (n = 6) dissolved in 10 ml 
of sterile saline solution. 

Blood was drawn from a peripheral vein in the arm 
opposite to that used for infusion of drugs. Eight milli- 
liters of blood was collected several minutes before 
the injection of the muscle relaxant (blank sample) 
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and at 1, 3, 5, 10, 15, 30, 45, 60, 90, 120, 180, 240, and 
300 min after injection of vecuronium. To prevent 
degradation of vecuronium, all blood samples were 
buffered with 2 ml of 1M disodium hydrogen phos- 
phate, centrifuged, and deep frozen to — 30°C to await 
further analysis. 

Urine was collected from five of the patients who 
received 150 ug/kg via an indwelling urinary catheter 
1, 2, 3, 4, 5, 6, 12, 18, and 24 hr after the injection of 
the vecuronium. The amount of urine excreted during 
each period, collected in a bag, was noted, and an 8- 
ml sample was obtained from each lot of urine. This 
was buffered with 2 ml of 1M disodium hydrogen 
phosphate and deep frozen until analysis. 


Chemical Analysis 


The total amount of vecuronium (including its me- 
tabolites) in the blood and urine samples was mea- 
sured by a modification of the fluorimetric technique 
described for pancuronium by Kersten et al. (12). (This 
technique does not separately measure the various 
amounts of vecuronium or its metabolites.) The coef- 
ficient of variation of this technique is 3-10% in the 
5-100 ng/ml range. The amount of unchanged ve- 
curonium and its three putative metabolites, namely 
the 3-hydroxy, the 17-hydroxy, and the 3,17-dihy- 
droxy derivatives (13) in every sample was then mea- 
sured by means of thin-layer plate chromatography. 
In this technique the amount of each compound is 
assessed by visual comparison of the spot size and 
density with those produced by known amounts of 
reference compounds. The coefficient of variation of 
this method is +10%, and as little as 150 ng of com- 
pound can be detected. 


"BLANK" cR Epid 


Pharmacokinetic Analysis 


Multiexponential equations of up to five exponential 
terms were fitted to the experimental plasma concen- 
tration decay curves by means of a computer program 
(RUGFIT) written by one of the authors (AHJS). This 
program carries out, by means of linear least square 
regression, reiterative peeling of the experimental de- 
cay curves plotted on a semilogarithmic scale. The 
number of exponential terms that described the ex- 
perimental plasma concentration decline was selected 
according to the criteria described by Boxenbaum et 
al. (14). 


Statistical Analysis 


The Wilcoxon rank sum test was applied to determine 
the statistical significance of differences between re- 
sults in the various groups of patients. A value of 
P « 0.05 was considered to be statistically significant. 


Results 


Plasma Concentrations after Different Doses in 
Normal Patients 


The decline of the plasma concentration of vecuron- 
jum after 50, 100, or 150 ug/kg intravenously in nor- 
mal patients is shown in Figure 2; the parameters that 
describe these curves are listed in Table 1 (first, third, 
and fifth columns from the left). 

The curve obtained with the 50 ug/kg dose is short 
because the plasma concentration of vecuronium rap- 
idly decreased to undetectable concentrations (Fig. 2). 
The curve obtained after 50 ug/kg of vecuronium was 
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Figure 2. Mean plasma concentration decay curve of vecuronium 
in patients with normal renal function after 50 (n = 8), 100 (n = 
7), and 150 ug/kg (n = 6). Horizontal bars on curves denote mean 
concentration at 25% (higher bar) and 75% (lower bar) recovery of 
twitch height. These concentrations were not measured in patients 
given 50 ug/kg. 


best described by a biexponential function, in contrast 
to the other two curves (after 100 or 150 ug/kg) that, 
in the majority of patients, could be best resolved into 
three exponential terms (Table 1). Because the curves 
obtained after the 50-ug/kg dose are so short, they 
were not analyzed further than the intercepts and rate 
constants and will not be considered anymore in this 
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study. The parameters derived from the plasma curves 


obtained after 100 and 150 ug/kg (Table 1)donotshow - 


any significant difference from each other except for 
the intercept of the second distribution phase (C;). 

In Figure 2, the mean plasma concentrations cor- 
responding to 25 and 75% recovery of the twitch are 
shown as short bars bisecting the respective curves. 
These concentrations ate also listed in Table 2. Only 
the values for the 100- and 150-ug/kg curves were 
measured; they showed no significant differences from 
each other. None of the three putative metabolites of 
vecuronium were detected in the plasma of these 
patients. 


Plasma Concentrations in Patients with 
Renal Failure 


Figure 3 shows the decline of the plasma concentra- 
tions òf. vecuronium after an intravenous injection of 
100 g/kg in patients with normal renal function as 
well as in anephric patients. The corresponding pa- 
rameters of these two curves are compared in columns 
3 and 4 of Table 1, respectively. 

In contrast to normal patients, vecuronium dis- 
appears from the plasma of patients with renal failure 
somewhat more slowly—during all three phases of 
the decay curve. This results in a curve that runs 
above the curve obtained from patients with normal 
renal function. 

As mentioned before, the bars bisecting the curves 
in Figure 3 denote the concentrations of vecurónium 
in the plasma when the twitch height has recovered 
to 25 and 75% of control, respectively. In patients with 
renal failure, recovery of the twitch height correlates 
with a significantly higher concentration of vecuro- 
nium in the plasma. None of the metabolites of ve- 
curonium were detected in the plasma of patients 
with renal failure. 


Urinary Excretion of Vecuronium 


The cumulative urinary excretion of vecuronium and 
its metabolites is shown in Figure 4. 


Table 2. Plasma Concentrations of Vecuronium at 25% and 75% Recovery of the Twitch Height 





Vecuronium dose 


Concentration at 25% recovery (ug/ml) 


Concentration at 75% recovery (ug/ml) 


(ug/kg intravenous) np rf np . rf 
100 0.13 + 0.02* 0.21 + 0.067 0.07 + 0.03” 0.15 + 0.05° 
(n = 4) (n = 7) (n = 4) (n = 7) 
150 0.13 + 0.01 -— 0.08 + 0.02 — 
(n — 6) (n = 6) 


«Significant differences between similarly marked groups (P < 0.05). 


np, Normal patients; rf, renal failure patients; n, number of patients in group. All values mean + SD. 
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Figure 3. Mean plasma concentration decay curves of vecuronium 
in 7 normal patients ( ) and 8 patients with renal failure (---) 
after 100 ug/kg of vecuronium. Horizontal bars bisecting curves 
denote mean concentration at 25% (higher bar) and 75% (lower 
bar) recovery of twitch height. 





30, ^ OF THE DOSE 


Pa 
- 

- 
- 


. 
o 
e e 
Figure 4. Cumulative urinary excretion of ° 
vecuronium and its 3-hydroxy derivative 
(3-OH) in 5 normal patients after 150 ug/kg. e 
sp, standard deviation. e, 
e 
10 
X 
2 4 


ANESTH ANALG 249 
1986;65:245-51 


After 150 u/kg of vecuronium, the total amount of 
monoquaternary compounds excreted in the urine at 
the end of 24 hr was a little more than 30% of 'the 
injected dose. Ten percent of this total was excreted 
as the 3-deacetyl-vecuronium (3-OH metabolite). None 
of the other two metabolites of vecuronium, namely 
the 17-hydroxy and the 3,17-dihydroxy metabolites, 
were detected in the urine. 


Neuromuscular Blocking Effects of Vecuronium 


The neuromuscular blocking effects of vecuronium in 
normal and anephric patients, after the three doses 
used in this study, are summarized in Table 3. Be- 
cause vecuronium was administered as a 2-min in- 
fusion, the onset time to maximum block was calcu- 
lated from the start of the injection. 


Discussion 


It is evident in this study that for proper pharmaco- 
kinetic analysis a sufficiently long plasma concentra- 
tion decay curve is required. This is only possible if 
a sensitive assay method is used. The curve obtained 
after the 50-ug/kg dose is short because the plasma 
concentration of vecuronium quickly decreases below 
detectable levels. Consequently, the third phase of 
the decline of vecuronium plasma concentration, seen 
in the curves obtained after the larger doses of ve- 
curonium, is almost entirely missed. As a result, the 
curve obtained after 50 ug/kg of vecuronium is best 
described by a biexponential function, in contrast to 
the other two curves (after 100 and 150 ug/kg of ve- 
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Table 3. Neuromuscular Blocking Effects of Vecuronium Bromide 


Onset Maximum block Duration to 25% recovery Recovery rate 25-75% 
Intravenous dose ESL NEN un 3 (mio 
(ug/kg) " np rf np rf np rf np rf 
50 10 59-25 52423 93 +12 91-71 181-66 223 + 7.0? Dg 10.5 + 3.6 
100 7 2.94034 5141.24 100 100 23.6 + 9.37 29.6 + 4.2? 8.8 + 1.0 17.2 + 1.0 
150 7 27-204 — 100 — 41.8 + 9.4 — 1L9 * 3.1 — 


abcdefSionificant differences between similarly marked groups (P < 0.5). 


np, Normal patients; rf, renal failure patients. All values mean + sp. 


curonium), that are best resolved into three exponen- 
tial terms. 

Similarly, early kinetic studies of vecuronium in 
dogs (15) and humans (16) suffered from too short a 
plasma concentration decay curve. This problem was 
a direct consequence of the relative insensitivity of 
the assay method used in those studies (high per- 
formance liquid chromatography), which can detect 
vecuronium concentrations only above 50 ng/ml (17). 
This problem was overcome by Fahey et al. (8), who 
also used the high performarice liquid chromatogra- 
phy method, by resorting to the administration of a 
Jarge. dose of vecuronium (0.28 mg/kg, five times the 
recommended EDə dose). But this in itself can lead 
to faulty results, as large doses of a drug can, in prin- 
ciple, lead to nonlinear pharmacokinetic processes with 
a consequent shallow rate of decay in the early phases 
of plasma concentration decline. Perhaps for this rea- 
son, although they could follow the plasma decay 
curve for several hours after injection, Fahey et al. 
selected a biexponential function to describe the plasma 
decay curve of vecuronium. It is interesting to note 
that other authors (18) who have applied mass spec- 
trometry to the measurement of vecuronium concen- 
tration (lower limit of detection 2 ng/ml) found that 
the disposition kinetics of vecuronium could be best 
described by a model with three compartments and 
with pharmacokinetic parameters that agree closely 
with those generated in this study. Because mass 
spectrometry is both the most sensitive assay method 
available to date, and because it specifically measures 
only unchanged vecuronium (or any of its metabo- 
lites, if so desired) we feel that vecuronium disposi- 
tion kinetics are best described by a three-compart- 
ment model. 

It is shown in this study that anephric patients who 
received 100 pg/kg had significantly higher plasma 
concentration at 25 and 7596 recovery than patients 
without renal failure. This surprising apparent tol- 
erance to vecuronium in patients with renal failure is 
further supported by a tendency to a slower onset of 
action in these patients (Table 3). Other workers (5) 
have also brought forward some evidence that this 


` 


* 


phenomenon may indeed occur with both vecuron- 
jum and, to a lesser extent, atracurium. Whether this 
is true, or whether other nondepolarizing muscle re- 
laxants generally shów this characteristic, remains 
ambiguous. Thus, though Brotherton and Matteo (19) 
suggest that individuals with renal failure have a de- 
creased sensitivity to metocurine, other workers re- 
port that neuromuscular sensitivity to gallamirie (20) 
and d-tubocurarine (10) is not altered in patients with 
renal failure. 

This study provides conclusive evidence for the 
assumption of other investigators that, as in the rat 
(9), only moderate amounts of vecuronium are elim- 
inated by the kidneys (8). Accordingly, patients with 
renal failure show only a slightly delayed removal of 
vecuronium from the plasma with, consequently, only 
mild prolongation of effect and recovery. This pre- 
diction is supported by Hunter et al. (5), who found 
little cumulative effect with comparable doses in ane- 
phric patients who were administered up to six main- 
tenance doses, each of 40 ug/kg. We agree, therefore, 
with these and other authors (4,21) that vecuronium 
is suited for use in patients with renal failure. 

In summary, the disposition of vecuronium is best 
described by a three-compartment pharmacokinetic 
model. Moreover, only moderate amounts of vecu- 
ronium are excreted by the kidney, and only mild 
alteration of pharmacokinetic and pharmacodynamic 
behavior of vecuronium occurs in patients with renal 
failure. Vecuronium is, therefore, suitable for use in 
patients with renal failure. 
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Effects of Dantrolene and Verapamil on Atrioventricular 
Conduction and Cardiovascular Performance in Dogs 
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LYNCH C nt, DURBIN CG jr, FISHER NA, VESELIS RA, 
ALTHAUS JS. Effects of dantroline and verapamil on 
atrioventricular conduction and cardiovascular 
performance in dogs. Anesth Analg 1986;65:252.8. 


The effects of intravenous dantrolene sodium, alone and in 
combination with verapamil, upon atrioventricular con- 
duction, cardiovascular function, and neuromuscular func- 
tion were studied in chloralose—urethane anesthetized dogs. 
Hemodynamic variables (systemic arterial, central venous, 
and pulmonary arterial pressures and cardiac output) and 
His-bundle electrograms were monitored, and measure- 
ments were made during atrial pacing at 175 beats/min, as 
well as at the spontaneous heart rate. In one part of the 
study animals received dantrolene sodium incrementally at 
30-min intervals to cumulative doses of 1, 2.5, 5, and 10 
mglkg. Subsequently, verapamil was administered incre- 
mentally at 30-min intervals to cumulative doses of 0.1, 
0.2, 0.4, and 0.6 mglkg. In the second part of the study, 
dogs received identical dosage sequences, but verapamil pre- 
ceded dantrolene administration. Dantrolene caused no sig- 


Dantrolene sodium, which interferes with the release 
of calcium from the sarcoplasmic reticulum of skeletal 
muscle, and thereby inhibits excitation-contraction 
coupling (1,2), is the pharmacologic treatment of choice 
for malignant hyperpyrexia (3,4), as well as certain 
spastic disorders of skeletal muscle (5). Dantrolene is 
reported to have no significant hemodynamic effects 
in intact animals (6,7) but can depress myocardial con- 
tractility in isolated myocardial tissue (8-10). Dantro- 
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nificant depression of atrioventricular conduction or cardiac 
performance but did increase systemic vascular resistance 
at doses above 2.5 mg/kg. Verapamil alone (= 0.2 mg/kg) 
or with dantrolene (= 0.1 mg/kg) increased the atrial-His- 
bundle conduction interval. In the presence of verapamil, 
dantrolene (= 2.5 mg/kg) decreased cardiac index and in- 
creased pulmonary artery occlusion pressure. Although 0.6 
mg/kg verapamil depressed cardiac index and increased pul- 
monary artery occlusion pressure, this effect was observed 
at 0.4 mg/kg after prior treatment with dantrolene. Vera- 
pamil did not augment the dose-dependent twitch depression 
observed with dantrolene. Dantrolene alone had no apparent 
effect on atrioventricular conduction and caused little en- 
hancement of the effects of verapamil. However, each drug 
appeared to enhance the myocardial depressant effects of the 
other. 


Key Words: PHARMACOLOGY—verapamil, dan- 
trolene. HEART—atrioventricular, conduction, myo- 
cardial function. NEUROMUSCULAR RELAX- 
ANTS—dantrolene. 


lene has been noted to have a verapamil-like effect in 
depressing calcium-dependent slow action potentials 
in Purkinje fibers (8). Because the initiation of the 
cardiac impulse in the sinoatrial node and conduction 
through the atrioventricular (A-V) node is mediated 
by calcium-dependent slow action potentials, and de- 
pressed by calcium entry blockers (11), we examined 
the effects of dantrolene upon cardiac conduction. 
Calcium entry blockers have also been suggested 
as a pharmacologic treatment for malignant hyper- 
pyrexia, either alone or in combination with dantro- 
lene (12,13). Verapamil is well known to depress car- 
diac conduction through A-V nodal tissue as well as 
depressing the spontaneous rate of sinoatrial nodal 
impulses (11,14—16). In view of the potential for marked 
depression of A-V conduction or myocardial function 
by the combination of dantrolene and verapamil, we 
also studied the effects of these drugs in combination. 
Preliminary results have been previously reported (17). 


DANTROLENE-VERAPAMIL INTERACTION 
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Program 1 Dantrolene (mg/kg) verapamil (mg/kg) 
Administered Drug {19 — !9 25 5.0 i gå sor 155 « 
Cumulative Drug { 1.0 2.5 3.0 100 0.1 0.2 Cå 0.6 
Figure 1. Sequence of events in the two drug 
TIME (minutes? O 30 60 90 120 150 180 210 programs employed. The incremental in- 
«eel travenous dose administered is indicated by 
Contro! the filled arrows; the total cumulative dose 
is also indicated above each time line. Atrio- 
Program 2 Verapamil (mg/kg) Dantrolene (mg/kg) ventricular condition and hemodynamic 
measurements, either during spontaneous 
Administered Drug 103 0.1 02 02 10 15 25 50 rhythm (S) or pacing (P), were made at ap- 
l l proximately the time indicated by the un- 
Cumulative Drug {o | 02. 04 06 T 25 bor ue filled arrows. 
TIME (minutes? O 30 60 90 120 150 180 210 
felet 
Control 
Methods 


Twelve mongrel dogs weighing 18.8 + 3.8 kg 
(+ SD), verified to be free of heart worms by autopsy 
or serological testing, were studied after premedica- 
tion with 100 mg of pentobarbital and 10 mg mor- 
phine. After intubation of the trachea, the animals 
were maintained on mechanical ventilation with 30% 
O- and 70% Nb». Periodic sampling of blood gases 
confirmed the Paco, to be 35-45 mm Hg. Anesthesia 
was maintained with incremental doses of o-chlora- 
lose (40-80 mg/kg) and urethane (400—800 mg/kg). 
Temperature was maintained at 36-37.5"C by appli- 
cation of heating lamps as required. 

In addition to intravenous access and catheteriza- 
tion of the bladder, the femoral artery was cannulated 
for direct monitoring of systemic arterial pressure and 
access for blood sampling. A 7-French thermodilution 
Swan-Ganz pulmonary artery catheter (American Ed- 
wards Laboratories) was introduced through the fem- 
oral vein to the pulmonary artery to measure mean 
central venous pressure (CBP), pulmonary arterial 
pressure (PAP), and mean pulmonary artery occlu- 
sion pressure (PAOP), as well as core temperature 
and cardiac output (CO) (Edwards 9520A Computer). 
Pressures were transduced with Statham P23 trans- 
ducers and recorded on a Gould 4200 HL recorder. 
Cardiovascular variables were measured at end ex- 
piration, and cardiac output was determined from the 
average of a minimum of three measurements. To 
assess neuromuscular function, extensor twitch ten- 
sion in the right hind limb was monitored by a Grass 
FT10 transducer. Twitches were elicited by supra- 


maximal stimulation at 0.1 Hz (Grass S88 stimulator) 
of the posterior tibial nerve by needle electrodes. 

After surgical exposure, a quadripolar Castillo cath- 
eter was advanced from the left carotid artery to the 
noncoronary cusp of the aortic valve (18) and the His- 
bundle electrogram recorded at 100 mm/sec. Atrial— 
His-bundle (AH) and His-bundle-ventricular (HV) in- 
tervals were then measured from this recording. After 
exposure of the right internal jugular vein, a 5F bal- 
loon-directed pacing catheter (Electro-catheter Cor- 
poration) was placed in the right atrium, and pacing 
was achieved with a Grass 544 stimulator (0.5 msec 
stimuli of twice threshold magnitude). 

After a stabilization period of 1 hr, control mea- 
surements were made. Six animals were randomly 
assigned to one of two programs, diagrammed in Fig- 
ure 1. An intravenous dantrolene dose of 1 mg/kg 
was administered, and at 30-min intervals additional 
dantrolene doses of 1.5, 2.5, and 5.0 mg/kg were con- 
secutively administered to give cumulative doses of 
2.5, 5.0, and 10 mg/kg. Verapamil, 0.1 mg/kg, was 
administered intravenously 30 min after the last dose 
of dantrolene. Subsequent doses of 0.1, 0.2, and 0.2 
mg/kg of verapamil were administered at 30-min in- 
tervals for total cumulative verapamil doses of 0.2, 
0.4, and 0.6 mg/kg. In the second part of the study, 
verapamil was administered prior to dantrolene. Dan- 
trolene was administered in a solution that contained 
0.5 mg dantrolene sodium and 44 mg mannitol per 
ml at a rate of 20 cc/min. The total maximum volume 
load was 20 ml/kg of water and 0.88 mg/kg mannitol. 
A brisk diuresis usually followed dantrolene admin- 
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istration. Intravenous fluids were administered as re- 
quired to maintain the central venous pressure at 4—7 
mm Hg. 

Hemodynamic measurements were recorded con- 
tinuously during spontaneous cardiac rhythm. In most 
experiments, His-bundle electrograms were recorded 
during the peak hemodynamic effects of verapamil 
and at 10 and 20 min after the drug administration. 
In the case of dantrolene, recordings were made at 
approximately 10 min after the beginning of drug 
administration, which took 1-12 min depending on 
dose, and about 20 min after initiation of dosage. 
Results tabulated and presented are for measure- 
ments made after approximately 20 min. At 23—25 min 
after drug administration, cardiac pacing was begun 
and measurements made after at least 1 min, during 
which occasional small hemodynamic changes had 
stabilized. Each animal was always paced at the same 
rate during the experimental period, which was ap- 
proximately 20 beats/min greater than the sponta- 
neous rate during the control period (usually 145 to 
160 beats/min). Pacing rate averaged 175 + 7 (+ SEM) 
beats/min in all animals studied. When the animals 
were paced, the atrial His-bundle interval was mea- 
sured from the stimulus artifact to the His-bundle 
deflection, in order to improve accuracy. 

In order to ensure that appropriate drug levels were 
achieved, a later series of experiments was performed 
in which six additional dogs (three in each experi- 
mental program) were studied, but without His- 
bundle electrogram recording or pacing. Serum 
samples were obtained just prior to experimental 
measurements. Dantrolene concentration was deter- 
mined according to the method of Hackett and Dusci 
(19), employing high-performance liquid chro- 
matographic (HPLC) separation and fluorescence de- 
tection. Verapamil concentration was measured by 
the method of Watson and Kapur (20), employing 
HPLC separation and fluorescence detection. 

Due to the intrinsic variability among animals, the 
change from control for each variable in each animal 
was determined and statistically analyzed. Signifi- 
cance (P « 0.05) of change from control was tested 
by analysis of covariance. Difference between pro- 
gram groups was examined by a general linear models 
procedure employing Duncan's multiple range test. 


Results 
Atrioventricular Conduction Effects 


Administration of up to 10 mg/kg dantrolene sodium 
intravenously caused no significant increase in A-V 
conduction parameters, with either paced or spon- 
taneous rhythms. The HV interval actually declined 
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Figure 2. Changes in atrial-His-bundle (AH) interval and His-bun- 
dle—ventricular (HV) interval with incremental doses of dantrolene 
and verapamil. Each point represents the average of six animals 
studied, and the vertical axis indicates the average change from 
control for the dosage indicated on the horizontal axis. The error 
bar is the standard error of the average change from control. Values 
plotted are for the following: dantrolene alone, program 1 (Oy; 
dantrolene after earlier verapamil administration, program 2 (8); 
verapamil alone, program 2 (A); and verapamil after earlier dan- 
trolene administration, program 1 (A). "indicates a change from 
control of significance (P « 0.05) by analysis of covariance. There 
was no significant difference in the control values between program 
groups. (À) Changes in AH and HV intervals in animals paced at 
a constant heart rate, which averaged 175 + 7 beats/min in the 
animals studied. The AH interval was measured from the stimulus 
artifact to the His-bundle deflection. The average (+ SEM) control 
AH intervals were 80 + 5 msec (program 1) and 91 + 5 msec 
(program 2). The average control HV intervals were 29 + 2 msec 
(program 1) and 25 + 2 msec (program 2). (B) Changes in AH and 
HV intervals and heart rate in animals without pacing. The average 
control values were the following: heart rate, 158 + 15 beats/min 
(program 1) and 153 + 13 beats/min (program 2); AH interval, 
73 + 2 msec (program 1) and 79 + 4 msec (program 2); HV interval, 
29 + 2 msec (program 1) and 25 + 3 msec (program 2). 


slightly, but significantly, with 5 and 10 mg/kg of 
dantrolene. Dantrolene caused no significant change 
in spontaneous heart rate, and no systematic variation 
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Figure 3. Changes in hemodynamic function with incremental doses 
of dantrolene and verapamil. Each point represents the average 
change from control in six animals at the indicated cumulative drug 
dosage. The error bar is the standard error of the average change 
from control. Values are plotted for the following: dantrolene alone, 
program 1 (©); dantrolene after prior verapamil administration, 
program 2 (@); verapamil alone, program 2 (A); verapamil after 
earlier dantrolene administration, program 1 (A). * indicates an 
average change from control which is significant (P < 0.05) by 
analysis of covariance. Hemodynamic measurements were made 
while each animal was being paced at a constant rate. The paced 
heart rate in all animals averaged 175 + 7 beats/min. The average 
(+ SEM) control measurements were the following: mean arterial 
pressure, 141 + 10 mm Hg (program 1) and 135 + 3 mm Hg 
(program 2); cardiac index, 3.17 + 0.23 (program 1) and 3.97 + 
0.40 L«min ^ '-m ? (program 2); systemic vascular resistance index, 
3571 + 437 (program 1) and 2756 + 277 dyne-secm^cm ^? (program 
2); pulmonary artery occlusion pressure, 4.2 + 0.6 mm Hg (pro- 
gram 1) and 5.8 + 0.9 mm Hg (program 2). There was no significant 
difference in the average control values between protocols. 


in conduction intervals was observed for the mea- 
surements made 10 min vs 20 min after dantrolene 
administration. In contrast, the PR and AH intervals 
increased significantly above the cóntrol level after 
0.2 mg/kg and greater cumulative doses of verapamil. 
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The peak depressant effect of verapamil on A-V con- 
duction did not coincide with the peak hemodynamic 
effect but occurred 10-25 min after drug administra- 
tion. The increase in AH interval was observed both 
with paced and spontaneous heart rate, but there was 
no significant effect on HV interval. Figure 2 sum- 
marizes the changes in AH and HV intervals observed 
with spontaneous or paced rhythm during drug 
administration. 

Treatment with 10 mg/kg dantrolene prior to ve- 
rapamil administration appeared to enhance the effect 
of verapamil in lengthening the AH interval, but in 
no case was the effect significantly greater than that 
observed with verapamil alone. Prior treatment with 
dantrolene did cause the initial dose (0.1 mg/kg) of 
verapamil to significantly increase the paced AH in- 
terval above the control value. In the presence of dan- 
trolene, the highest dose of verapamil significantly 
reduced spontaneous heart rate below control. When 
verapamil pretreatment preceded the dantrolene 
administration, dantrolene still had no additional ef- 
fect on A-V conduction. In fact, all conduction inter- 
vals returned toward normal values during the course 
of dantrolene administration. 

Although dantrolene created no marked enhance- 
ment of the effects of verapamil upon A-V conduction 
intervals, the final dose of verapamil (0.6 mg/kg cu- 
mulative) caused intermittent second degree heart block 
in four of six dogs when paced, and it caused inter- 
mittent complete heart block with junctional rhythm 
in one animal. Such disturbances were not observed 
with verapamil alone. 


Hemodynamic Effects 


Dantrolene (2.5-10 mg/kg) caused a significant rise in 
systemic vascular resistance index (SVRD, which was 
accompanied by an increase in mean arterial pressure 
(MAP) (5-10 mm Hg), as shown in Figure 3. A de- 
crease in cardiac index (CI) occurred at a dose of 10 
mg/kg, but there was no significant change in the 
PAOP or in pulmonary vascular resistance index (PVRI) 
with any dose of dantrolene alone. The changes in 
SVRI, MAP, and CI persisted in the presence of 0.1--0.2 
mg/kg verapamil. Verapamil alone significantly de- 
pressed CI and increased PAOP with the final dose 
(total dose: 0.6 mg/kg). 

In the presence of prior treatment with verapamil, 
smaller doses of dantrolene (= 2.5 mg/kg) signifi- 
cantly depressed CI below control, whereas PAOP 
was significantly increased. Similarly, when verapa- 
mil was administered after loading with dantrolene, 
a lower dose (0.4 mg/kg total) was found to depress 
CI and increase PAOP. The PVRI was also increased 
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the control in the presence of both drugs. Due to the 
large standard deviation, the effect of any dose of 
drug, after prior treatment with the other drug (gen- 
eral linear model, employing Duncan's multiple range 
test), did not differ significantly from the effect of that 
same drug dose by itself. 

The above results summarize the effects in six paced 
animals in each program. In the presence of spon- 
taneous rhythm, greater variability in responses (nine 
animals in each program) was present. Dantrolene 
(5,10 mg/kg) did cause a rise in SVRI in both the 
presence and absence of verapamil. Only when the 
combination of dantrolene and verapamil were pres- 
ent together, however, were significant increases in 
PAOP and decreases in CI noted. 


Serum Drug Levels and Skeletal Muscle Effects 


The serum levels of dantrolene in six animals 25 min 
after the 1.0, 1.5, 2.5, and 5.0 mg/kg doses were 
0.41 + 0.05, 0.93 + 0.12, 2.5 + 0.3, and 7.6 + 0.7 
ug/ml, respectively, with prior verapamil treatment 
causing no apparent difference between groups. In 
three animals the dantrolene level declined to 3.2 + 
1.2 ug/ml after approximately 2.5 hr. Technical dif- 
ficulties permitted verapamil concentrations to be de- 
termined in only two dogs in each program. In two 
animals, in the absence of dantrolene, the cumulative 
verapamil doses of 0.1, 0.2, 0.4, and 0.6 mg/kg gave 
serum levels of 17—22, 24-66, 49-92 and 65-95 ng/ml, 
respectively, when measured 20-25 min after the dos- 
age. During the subsequent 2-hr administration of 
dantrolene, verapamil levels declined to 17-25 ng/ml. 
When verapamil was administered incrementally after 
dantrolene loading, the serum levels in two animals 
were approximately half those noted above, in which 
verapamil was given prior to dantrolene. 

The incremental doses of dantrolene caused the 
twitch to be significantly depressed to 61 + 2, 43 + 
3, 31 + 3, and 23 + 2% of control, in a dose-depen- 
dent manner. Administration of incremental doses of 
verapamil caused significant twitch depression (88 + 
5% of control) only after the final dose (0.6 mg/kg 
total). Verapamil did not, however, enhance the sub- 
sequent depression of twitch tension caused by dan- 
trolene. Tension was depressed to 61 + 4, 50 + 6, 
42 + 6, and 38 + 7% of control by the incremental 
dantrolene doses, after prior treatment with verapamil. 


Discussion 


Unlike verapamil, dantrolene causes no significant 
delay in A-V conduction under the conditions of these 
experiments. Possible dantrolene depression of A-V 
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conduction was suggested by in vitro experiments in 
which it depressed calcium-dependent slow action 
potentials induced in the partially depolarized His- 
Purkinje system (8). Such calcium-dependent slow 
action potentials mediate conduction through the A- 
V node (11). In contrast, the calcium entry blocker 
verapamil increases the atrial His-bundle interval con- 
sistent with depressed A-V nodal conduction. Vera- 
pamil, particularly the ( —) isomer, is known to block 
calcium-dependent slow action potentials. The (+) 
isomer of verapamil appears to block sodium channel- 
mediated fast action potential conduction at high con- 
centrations (4 4M) (21). However, the highest serum 
level of verapamil documented in these experiments 
was only equivalent to 0.2 uM. Pacing at higher rates 
did tend to enhance the depressant effect of verapamil 
on A-V conduction, possibly due to the frequency- 
dependent blockade caused by this drug (21-23). 

Verapamil caused a transient decrease in blood 
pressure that peaked within 2-6 min after drug dos- 
age. In contrast, the maximum depressant effect of 
verapamil on A-V conduction occurred 10-25 min after 
administration of the drug, although serum concen- 
trations should have declined substantially at this time. 
Other workers described similar effects in dogs, in 
which both serum and myocardial verapamil concen- 
trations dropped prior to the peak effect on A-V con- 
duction, occurring between 10—40 min in five animals 
(24). In the present study, the effects of verapamil on 
A-V conduction appear to be similar or slightly less 
than those observed by others for similar serum con- 
centrations (24). The effects of verapamil did not ap- 
pear to be enhanced by prior treatment with dantro- 
lene, although significant increase in the A-H interval 
above control was observed at a lower dose of vera- 
pamil (0.1 vs 0.2 mg/kg dose). However, disruption 
of A-V conduction (second degree A-V block, junc- 
tional rhythm) was observed only when verapamil 
treatment followed earlier dantrolene loading, sug- 
gesting a potential interaction that did not approach 
quantitative significance with regard to measured pa- 
rameters. When dantrolene was administered after 
verapamil treatment, the return toward normal AH 
conduction probably reflects gradual clearance of ve- 
rapamil from serum, as observed in two animals 
studied. 

In vitro evidence suggests that dantrolene de- 
presses myocardial contractility (8-10), but no such 
obvious effect was observed in these studies. Dan- 
trolene (= 2.5 mg/ml) did appear to increase systemic 
vascular resistance with depression of CI at the high- 
est dose. Verapamil has been shown to depress myo- 
cardial contractility in a dose-dependent and fre- 
quency-dependent manner (21,22). Those effects were 
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reflected in this experiment by a decreased CI and 
increased PAOP at the highest dose employed. Al- 
though vasodilation by verapamil is well described 
(16), a significant decrease in systemic vascular re- 
sistance was not observed. Hemodynamic changes 
and myocardial depression caused by verapamil may 
be counteracted by autonomic reflex changes and in- 
creased sympathetic tone (16). The light anesthetic 
technique employed (chloralose-urethane) may ex- 
plain the absence of dramatic cardiovascular depres- 
sion observed with verapamil. Previous studies com- 
bining volatile anesthetics with verapamil have 
demonstrated significant depression of cardiac per- 
formance (25,26). 

The combination of verapamil and dantrolene caused 
significant depression of cardiac index from control 
and increases of PAOP that were not observed with 
either drug alone. Because direct statistical compari- 
son demonstrated no enhancement of effects caused 
by pretreatment for any dose of either drug, the de- 
gree of interaction is probably not profound. Itis note- 
worthy that during dantrolene administration after 
prior treatment with verapamil, the AH interval re- 
turned toward control, but CI continued to decline 
while PAOP increased. These effects may be due in 
part to the observed increase in systemic vascular re- 
sistance. However, when verapamil (0.4 mg/kg) was 
given after dantrolene, a significant decrease in CI 
and an increase in PAOP occurred even though SVRI 
was not different from control. Such effects are con- 
sistent with myocardial depression. Verapamil did tend 
to counteract the increase in systemic vascular resist- 
ance observed with dantrolene. 

The changes caused by dantrolene, verapamil, or 
both, in cardiovascular performance in dogs observed 
in the present study were similar in many respects to 
those previously observed in pigs by Saltzman et al. 
(27). They also found that dantrolene alone (10 mg/kg 
total dose) caused a significant increase in mean ar- 
terial pressure, but no significant decrease in cardiac 
output, as observed here in dogs. More noteworthy 
was the significant decline in cardiac output observed 
after dantrolene administration in the presence of a 
continuous verapamil infusion. Complete A-V block 
occurred in all animals, and cardiac arrest in 80%. 
Furthermore, Saltzman et al. (27) also observed a sig- 
nificant increase in serum potassium with this com- 
bination of drugs. Although we did not specifically 
measure serum potassium, no change in the electro- 
cardiogram suggesting elevated potassium (increased 
QRS duration, increased T-wave amplitude) was ob- 
served. The serum levels of dantrolene in the study 
in pigs were similar to the levels in dogs in the present 
study. The verapamil levels, however, were some- 
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what higher in the study in pigs, as a continuous 
infusion was employed. Although a different dosing 
regimen was employed in these two studies, it ap- 
pears that myocardial contractility is similarly de- 
pressed in both species bv the combined dantro- 
lene-verapamil administration. 

The study in pigs emploved strains not known to 
be susceptible to malignant hyperpyrexia (MH), al- 
though in the present study there was no evidence 
of a hyperthermic response in any dogs employed 
(28). Although the myocardium of MH-susceptible 
strains or individuals may differ from the nonsuscep- 
tible, the question remains whether myocardial per- 
formance in susceptible animals might be affected dif- 
ferently by these drugs. 

Dantrolene caused a clear dose-dependent decline 
in skeletal muscle twitch tension. After the final load- 
ing dose of dantrolene, addition of verapamil caused 
no further decline in twitch tension. During the 2-hr 
period of subsequent verapamil administration, serum 
levels of dantrolene declined to approximately one- 
half the level observed after the final loading dose, 
and twitch tension remained depressed. Verapamil 
by itself caused no marked reduction in twitch and 
did not appear to enhance the clear dose-dependent 
depression caused by dantrolene. Although verapa- 
mil appears to depress neuromuscular transmission 
in high doses (29), its role in skeletal muscle excita- 
tion-contraction coupling is less clear. External cal- 
cium is much less crucial in maintaining skeletal mus- 
cle twitch than in maintaining myocardial contractility. 
Consequently, blockade of calcium entry is less crucial 
(30). The effects of verapamil on skeletal muscle ex- 
citation-contraction coupling are unclear (31-33), and 
the effects at clinically relevant drug levels (« 50 ng/ml 
or 0.1 uM) remain to be demonstrated. 

Dantrolene and verapamil do not appear to mark- 
edly interact in depressing A-V conduction, although 
verapamil treatment after dantrolene loading did fre- 
quently result in intermittant second degree heart block. 
However, these drugs in combination do appear to 
cause significant depression of myocardial perform- 
ance. Although depression of skeletal muscle tension 
development by dantrolene is clearly demonstrated, 
verapamil administration had no additional effect. 
Therefore, in view of the potential for cardiovascular 
depression and dysrhythmias, with little evidence for 
enhanced therapeutic effect on skeletal muscle, the 
addition of verapamil to dantrolene therapy for ma- 
lignant hyperpyrexia remains suspect. 


Data handling and analysis made possible in part by use of CLINFO 
hardware and software, University of Virginia GCRC, R00847. The 
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We compared anesthetic doses of three popular opiates, mor- 
phine (n = 10), fentanyl (n = 9), and sufentanil (n = 9) 
in patients undergoing cardiac surgery. Opiate adminis- 
tration after induction was based upon EEG and cardio- 
vascular signs of the depth of anesthesia. Total doses were 
morphine, 4.4 + 0.71 mg/kg, fentanyl, 95.4 + 9.9 uelkg, 
and sufentanil, 18.9 + 2.2 pg/kg. Comparisons among 
opiates included times for induction of anesthesia, return 
of consciousness, return of spontaneous ventilation, return 
of adequate cardiovascular status, and extubation. The fol- 
lowing times (mean and SEM) were significantly (P < 0.05) 
shorter for sufentanil than for fentanyl or morphine: in- 


High-dose narcotic-oxygen anesthesia for cardiac 
surgery is popular not only for patients with poor left 
ventricular function but also for patients with good 
ventricular function undergoing surgery for coronary 
artery bypass graft. The commonly used narcotics for 
this high-dose technique have been morphine and 
fentanyl, although no direct randomized study com- 
paring the two has been published. Recently the nar- 
cotic agonist sufentanil has been introduced into this 
country. This study assessed anesthesia with mor- 
phine, fentanyl, and sufentanil in high doses with 
oxygen, and compared them in terms of nine impor- 
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duction (15 + 2.3 min, 5.9 + 0.7 min, and 3.0 + 0.2 
min for morphine, fentanyl, and sufentanil, respectively); 
return of consciousness (morphine 109.7 + 34.4 min, fen- 
tanyl 62.3 + 17.9 min, sufentanil 17 + 8.7 min); return 
of acceptable and stable cardiovascular status (morphine 
587.3 + 139.3 min, fentanyl 537.9 + 144.8 min, sufen- 
tanil 173.7 + 56.8 min); and extubation (morphine 
1121.3 + 61.8 min, fentanyl 1005.7 + 77.7 min, sufentanil 
533.3 + 67.8 min). We conclude that sufentanil adminis- 
tered in the dosage range of 19 ug/kg allows more rapid in- 
duction, earlier emergence from anesthesia, and faster extu- 
bation of patients than either morphine or fentanyl. 


Key Words: ANALGESICS—-morphine, fentanyl, su- 
fentanil. ANESTHETICS; INTRAVENOUS-—narcotic. 
ANESTHESIA -—cardiovascular. 


tant time intervals before, during, and after anes- 
thesia for cardiac surgery. We observed that sufen- 
tanil was associated with significantly shorter times 
in seven of the nine intervals studied. 


Methods 


The protocol was approved by both the University 
and Veterans Administration Hospital Human Re- 
search Committees. Informed written consent was 
obtained from each patient. 

Thirty patients undergoing cardiac surgery, 27 
coronary artery bypass grafts, and three aortic valve 
replacements, were randomly assigned morphine- 
oxygen, fentanyl-oxygen, or sufentanil-oxygen anes- 
thesia. Patients ranged in age from 39 to 66 years. 
Each patient received preanesthetic medication with 
morphine, 0.13 + 0.3 mg/kg, and scopolamine, 4.9 
+ 1.5 wg/kg intramuscularly, 1 hr before scheduled 
induction of anesthesia. 

All patients had the following placed before in- 
duction of anesthesia: ECG (lead CMV;), EEG 
(Fp,—O,,Fp2-O2), blood pressure cuff, radial arterial 
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catheter (20-g Teflon), and a thermodilution 
Swan—Ganz catheter via the right internal jugular vein. 
All data were recorded on a Vetter tape recorder and 
a Hewlett-Packard 8-channel strip chart recorder. The 
EEG was recorded and displayed on a computer-pro- 
cessed EEG, the Neurometrics (1). Cardiac output was 
continuously monitored with a beat-to-beat 
pulse-contour cardiac output computer. The cardiac 
output computer was calibrated with triplicate ther- 
modilution cardiac outputs for each patient. Before 
induction, cardiovascular variables, including ther- 
modilution cardiac output, mean arterial pressure, 
mean pulmonary artery pressure, central venous 
pressure, pulmonary capillary wedge pressure, and 
heart rate were obtained. 

The choice of narcotic was randomized. We diluted 
the morphine (3 mg/ml) and sufentanil (10 ug/ml) so 
that each would be approximately equivalent to fen- 
tanyl (50 ug/ml). We administered oxygen to all pa- 
tients via the anesthetic circuit before induction. All 
patients were given pancuronium, 25 ug/kg, before 
the start of induction to attenuate chest wall rigidity. 
Induction of anesthesia was begun slowly with 1 ml 
of the chosen narcotic given as a bolus each of the 
first 4 min; 2 ml each of the next 3 min; and 5 or 10 
ml each min for the duration of the surgery, depend- 
ing upon EEG and cardiovascular signs of inadequate 
anesthesia. After induction supplemental opiate was 
given until the EEG showed signs of adequate anes- 
thesia and the cardiovascular variables were stable. 
No other anesthetic or sedative agents were used ex- 
cept pancuronium (0.02-0.08 mg/kg), or metocurine 
(0.1-0.2 mg/kg), or both, for relaxation administered 
after the loss of consciousness. 

We measured the following times: 1) Duration of 
anesthesia (the time from the start of induction to the 
end of surgery). 2) Time to loss of consciousness (the 
time between the beginning of opiate administration 
and the time at which the patient would not respond 
to the verbal command, "'(Patient's name), open your 
eyes!" repeated loudly three times; we defined this 
as "induction time." 

The following times were measured from the end 
of anesthesia, defined as the time the patient was 
transferred to the transport bed: 3) Return of con- 
sciousness, divided into three levels—level I, return 
of spontaneous movement; level II, the return of re- 
sponse to voice (arousal); level III, the return of ap- 
propriate response to a verbal command. 4) Return 
of spontaneous ventilation, defined as a tidal volume 
> 50 ml, as measured by a Wright respirometer, with 
a rate > 6.5) Return of acceptable arterial blood gas 
tensions during intermittent mandatory ventilation, 
i.e., PO; = 80 torr, PCO; = 45 torr, and pH = 7.35 at 
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Figure 1. The time between the beginning of narcotic administra- 
tion and the inability of the patient to respond to a verbal command 
was defined as the induction time. Sufentanil resulted in a signif- 
icantly more rapid induction of anesthesia than did either morphine 
or fentanyl. 


an Fio, < 0.6. 6) Return of the ability to perform certain 
mechanical ventilatory tasks during intermittent man- 
datory ventilation (IMV), as defined by a tidal volume 
= 7 ml/kg, a mean inspiratory pressure = —20 cm 
H20, vital capacity = 10 mi/kg. 7) Acceptable and 
stable cardiovascular status, defined as three consec- 
utive measurements at 15-min intervals of a systolic 
arterial pressure within 10% of preoperative value, 
pulmonary capillary wedge pressure (PCWP) = 20 
mm, the absence of need for vasopressors or vaso- 
dilators, the absence of dysrhythmias, and the ab- 
sence of abnormal bleeding from the chest tubes. 8) 
Extubation, performed when patients satisfied the cri- 
teria in items 5, 6, and 7, after 1 hr of unassisted 
spontaneous ventilation. All postoperative measure- 
ments were made by the same pair of observers, who 
were unaware of which opiate had been administered. 

If a patient satisfied all the respiratory criteria for 
extubation, but extubation was delayed because of 
cardiovascular complications, such as excess bleeding 
that might have led to a return to the operating room, 
we used the time at which the patient satisfied the 
blood gas and ventilatory criteria during one consec- 
utive hour of unassisted spontaneous ventilation as 
the time to extubation. Two patients given sufentanil, 
and one patient each receiving morphine or fentanyl, 
fell into this category. Two patients were omitted from 
the study, one who died immediately after the op- 
eration (fentanyl) from a hypokalemic dysrythmia, 
and one who needed an intraaortic balloon pump 
immediately after the operation (sufentanil). No sup- 


OPIATE ANESTHESIA FOR CARDIAC SURGERY 


150 
M-S<0.05 
M-F-S«0.05 
120 
vir 
| 90 
— 
z 
= 
60 
30 
M F§ 


Figure 2. The times to the return of spontaneous movement after 
the end of surgery. The sufentanil group was associated with sig- 
nificantly more rapid return of spontaneous movement than either 
the morphine or fentanyl groups. 


plemental opiates or sedative medications were ad- 
ministered in the intensive care unit prior to extubation. 
The null hypothesis that the average time intervals 
for each drug did not differ significantly was tested 
by one-way analysis of variance (ANOVA). For those 
time intervals that demonstrated significance with the 
ANOVA, we then made multiple comparisons among 
drugs, by using the Student-Newman-Keuls proce- 
dure. The null hypothesis was rejected if P < 0.05. 


Results 
Total Drug 


All values in this paper are given as mean + SEM. 
The total amount of each narcotic administered was 
morphine, 4.4 + 0.71 mg/kg, fentanyl, 95.4 + 9.9 
g/kg, and sufentanil, 18.9 + 2.2 ug/kg. 


Duration of Anesthesia 


There was no statistically significant difference in the 
total times of anesthesia and duration of surgery in 
the three groups (morphine, 341 + 18 min, fentanyl, 
318 + 33.8 min, sufentanil, 356.7 + 26 min). The 
anesthetic-surgical times for the three patients 
undergoing aortic valve replacements were 310, 312, 
and 367 min; all these patients received sufentanil. In 
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Figure 3. The time between the end of surgery and the time . 
which the patient could respond to a verbal stimulus was signil 
cantly shorter after sufentanil than after either morphine or fentany 


addition, the times from the end of bypass to arriv: 
in the intensive care unit were not statistically diffe: 
ent (morphine, 103 + 11.1 min, fentanyl, 94 + 13. 
min, sufentanil, 119 + 12.6 min). 


Induction Times 


Figure 1 shows that induction times with sufentan 
(3.0 + 0.2 min) or fentanyl (5.9 + 0.7 min) wer 
significantly shorter than with morphine (15 + 2. 
min). The time for induction of anesthesia with st 
fentanil was significantly more rapid than with fentany] 


Return to Consciousness 


Level I—(Fig. 2). The time to return of spontaneou 
movement was significantly faster after administre 
tion of sufentanil (17.3 + 8.7 min) than after eithe 
morphine (109 + 34.4 min) or fentanyl (62.3 + 17. 
min). The difference between morphine and fentan} 
was not statistically significant. 


Level II—(Fig. 3). The time for the return of re 
sponse to voice was significantly shorter with sufer 
tani] (28.4 + 9.8 min) than with either fentany 
(97.0 + 21.6 min) or morphine (150.0 + 36.2). Th 
time interval was also shorter with fentanyl than wit 
morphine, but not significantly. 
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Figure 4. The interval between the end of surgery and the time at 
which patients could respond with purposeful movement to a ver- 
bal command was significantly more rapid after sufentanil than 
after either morphine or fentanyl. 


Level III—(Fig. 4). The time for the return of ap- 
propriate response to a voice command was signifi- 
cantly shorter after administration of sufentanil 
(35.7 + 11.7 min) than after either morphine (180.0 
+ 41.3 min) or fentanyl (137.9 + 31.9 min). This time 
interval was also shorter with fentanyl than with mor- 
phine, but again not enough to be statistically 
significant. 


Return of Spontaneous Ventilation 


There were no statistically significant differences among 
the three drugs, although spontaneous ventilation 
tended to return more rapidly after sufentanil 
(100.9 + 46.6 min) than after morphine (192.3 + 41.5 
min) or fentanyl (124.0 + 24.3 min) (Fig. 5). 


Return of Acceptable Arterial Blood Gas Tensions 


There were no statistically significant differences among 
the three drugs (Fig. 6). 


Return of Adequate Ventilation 


The time required before patients were able to ade- 
quately perform mechanical ventilatory maneuvers was 
significantly less after sufentanil (336.0 + 63.2 min) 
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Figure 5. The time for the return of spontaneous ventilation was 
not significantly different for any of the three groups. 


than after morphine (785.4 + 110.9 min) or fentanyl 
(583.8 + 64.8 min). There was no significant differ- 
ence between fentanyl and morphine (Fig. 7). 


Return of Acceptable and Stable 
Cardiovascular Status 


There were wide differences in times among mor- 
phine (587.3 + 417.5 min), fentanyl (537.9 + 434.6 
min), and sufentanil (173.7 + 170.5 min). The differ- 
ences were statistically significant between sufentanil 
and both fentanyl and morphine. There was no dif- 
ference between fentanyl and morphine (Fig. 8). 


Extubation 


The time until extubation could be accomplished was 
significantly shorter with sufentanil (533.3 + 67.8 min) 
than with either morphine (1121.3 + 61.8 min) or 
fentanyl (1005.7 + 77.7 min). There was no statisti- 
cally significant difference between fentanyl and mor- 


 phine (Fig. 9). 


Discussion 


We observed that high-dose sufentanil produced both 
a more rapid induction of anesthesia and a more rapid 
emergence from anesthesia than either fentanyl or 
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Figure 6. The times for the return of acceptable arterial blood gases 


while the patient was being mechanically ventilated were not sig- 
nificantly different among the three groups. 


morphine. We were able to detect the difference among 
agents because of the relatively slow method of in- 
jection. The more rapid onset of sufentanil, in these 
circumstances, aids the anesthetist who wishes to ti- 
trate an opiate. The difference between fentanyl and 
sufentanil disappears when the agents are given in 
large doses and injected rapidly (10). 

Although the speed of induction of anesthesia for 
cardiac surgery is important, the importance of a rapid 
emergence as well as an early extubation has not been 
well documented. There is a growing trend not only 
among cardiovascular surgeons but also among anes- 
thesiologists to extubate their patients early. At some 
institutions patients are extubated before leaving the 
operating room, provided they satisfy guidelines re- 
lated to the degree of difficulty of the surgery and to 
cardiovascular stability immediately after bypass 
(Blackstone, E.H., personal communication). Quasha 
et al. showed that cardiac patients who had been 
anesthetized with halothane and oxygen, and who 
were extubated early, suffered less cardiopulmonary 
' morbidity and needed less sedative and pain medi- 
cation than patients who remained intubated over- 
night (2). In addition, Foster et al. reported that early 
extubation after coronary artery bypass graft surgery 
was associated with no mortality and with lower sur- 
gical intensive care unit costs (3). 
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Figure 7. The time before patients were able to satisfactorily per- 
form mechanical maneuvers was significantly faster after sufentanil 
than after either morphine or fentanyl. 


Because there do not seem to be strict criteria for 
extubation after cardiac surgery in the literature (4), 
we chose multiple criteria from both the respiratory 
and the cardiovascular systems to assure maximum 
patient safety. Among these criteria, the vital capacity 
measurement was useful in at least two ways. It not 
only helps measure ventilatory mechanics, but it also 
requires that the patient be awake and able to follow 
a rather complex command. Results with the vital 
capacity measurement after anesthesia with sufen- 
tanil suggest a sustained alertness and attentiveness 
that appeared earlier with this agent, results sup- 
ported by our clinical observations of these patients. 
In contrast, comparable sustained alertness appeared 
later with fentanyl, and not at all on the day of surgery 
with morphine. Patients given high-dose morphine 
anesthesia were unable to satisfy the criteria for ex- 
tubation on the day of operation, and patients re- 
ceiving fentanyl were only slightly better. Only those 
patients receiving sufentanil experienced a relatively 
early extubation. 

Qur criteria for extubation were satisfactory in pa- 
tients having cardiac surgery. None of the patients 
required reintubation, including those undergoing early 
extubation after administration of sufentanil. There 
was no cardiopulmonary morbidity among any of the 
three groups that we could attribute to intubation Or 
extubation. 

Although we did not reverse muscle relaxants at 
the end of the case, all patients received statistically 
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Figure 8. The time for return of acceptable and stable cardiovas- 
cular status was significantly faster with sufentanil when compared 
with morphine or fentanyl. There was no difference between fen- 
tanyl and morphine. 


similar amounts of the metocurine-pancuronium 
combination. Also the fact that there were no statis- 
tically significant differences in the times for return 
of spontaneous ventilation and return of adequate 
arterial blood gas tensions suggests that the muscle 
relaxants did not affect the relative times of extubation 
after the three agents. 

Howie et al. (5,6) in two recent reports found no 
difference between fentanyl, 125 pg/kg, and two dif- 
ferent doses of sufentanil, 20 and 25 ug/kg, in terms 
of postoperative time intervals. In the group receiving 
sufentanil, 25 ug/kg, Howie et al. (5) found that the 
times from the beginning of anesthesia to return of 
response to voice (sufentanil, 721 min), return of 
spontaneous ventilation (sufentanil, 99] min), and time 
to extubation (sufentanil, 1394 min) were not signif- 
icantly shorter when compared to fentanyl—results 
that differ from those of the present study (Fig. 10). 
In the group receiving 20 ug/kg of sufentanil, Howie 
et al. (6) also reported that there were no significant 
differences in postoperative time intervals measured 
from the end of surgery to the time of emergence and 
to the time of extubation when patients receiving high- 
dose fentanyl were compared with those receiving 
sufentanil. 

Because the duration of anesthesia was not signif- 
icantly different among our three groups, we con- 
clude that the total time of anesthesia did not influ- 
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Figure 9. Patients receiving sufentanil satisfied the cardiovascular 
and respiratory criteria significantly faster than patients who re- 


ceived either morphine or fentanyl and were therefore able to be 
extubated earlier. 


ence our postoperative time intervals. It is not possible 
to determine whether the duration of anesthesia af- 
fected the postoperative time intervals in either of the 
studies by Howie et al. 

Although the criteria for emergence time in How- 
ie's studies are not exactly comparable to ours, we 
feel that the differences in emergence time is due to 
the method of sufentanil and fentanyl administration. 
In both of the studies by Howie et al. supplemental 
sufentanil was administered on an empiric basis. In 
contrast we administered supplemental dosage based 
on continuously displayed and recorded cardiovas- 
cular variables and interpretation of the processed 
EEG (1). Although not proven in this study, it would 
seem advantageous to administer these agents on an 
individualized basis, titrating according to individual 
responses, in order to achieve relatively rapid emer- 
gence and early extubation. 

In addition, in this study it was necessary to break 
some long standing habits, particularly that of de- 
alying extubation until the morning after surgery. In 
our intensive care unit, injections of morphine had 
been customarily given to achieve this goal. If the 
effort to extubate early is not made, it may be difficult 
to establish a difference between the times to extu- 
bation for any two agents. 

A previous report (1) demonstrated that in these 
patients the quantitative EEG responses to fentanyl 
and sufentanil were similar, suggesting that the depth 
of anesthesia was equivalent with these two agents. 
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Figure 10. Comparison of the times of 
several postoperative events between 
patients receiving sufentanil, 18.9 + 2.2 
pg/kg or 25 ug/kg (5), shows that smaller 
doses were associated with significantly 
shorter times required to reach the post- 
operative milestones. All time intervals 
were measured from induction of anes- 
thesia, in contrast to Figures 2-9 where 
intervals were measured from the end 
of surgery. 
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Fentanyl 100 ug/kg (Howie) 
Fentanyl 95 ng/kg (Sanford) 


B sufentanil 25 pg/kg (Howie) 
Sufentanil 18 ug/kg (Sanford) 





Response to Spontaneous  — Extubation 


voice 


In addition, the quantified cardiovascular stability of 
these patients was similar with the two agents, with 
a less extensive use of the vasoactive agent with su- 
fentanil (Smith N.T. et al., unpublished results). This 
previous report, combined with the present study, 
indicates that patients wake up more rapidly after 
sufentanil than after equivalent levels of anesthesia 
produced by fentanyl. This study also indicates that 
the price of cardiovascular stability, in terms of pro- 
longed postoperative recovery, is less with sufentanil 
than with fentanyl. 

In contrast to the patients receiving fentanyl or su- 
fentanil, the EEG of those patients receiving mor- 
phine indicated a lighter depth of anesthesia (1), 
whereas cardiovascular instability was marked (Smith 
N. T. et al., unpublished results). In spite of these 
two indications of lighter anesthesia, the postopera- 
tive recovery from morphine was agonizingly slow. 
Neither of the two alternatives with morphine seem 
attractive: increase the dose for greater cardiovascular 
stability at the probable cost of an even more pro- 
longed awakening, or reduce the dose to achieve a 
more rapid awakening at the probable cost of even 
greater cardiovascular instability. In our experience, 
morphine is not the anesthetic agent of choice. 

In general, in patients receiving very large doses, 
induction of and recovery from anesthesia seem to be 
more rapid with sufentanil than with either fentanyl 
or morphine. A more rapid induction is related to the 
speed of crossing the blood- brain barrier. Drugs that 
are more lipid-soluble and less ionized at body pH 
tend to enter the central nervous system more rapidly; 
sufentanil satisfies both of these requirements. Off- 
setting these factors may be the greater degree of 
protein binding of sufentanil than that of fentanyl. 


respiration 


Event 


This may mean that there is less free sufentanil avail- 
able for entering the central nervous system than fen- 
tanyl (8). Our data would indicate that in our study 
the former factors predominate. 

Another possible factor contributing to the more 
rapid induction with sufentanil would be the ratio of 
sufentanil to fentanyl doses in our study. At 1:5, the 
ratio was on the high end of the accepted potency 
ratios of 1:5-10. In general, a higher dose of an agent 
would lead to a more rapid induction of anesthesia 
(Moldenhauer CC, personal communication). How- 
ever, based on EEG estimates, the doses are believed 
to be equivalent (1). 

One of the potential explanations for the more rapid 
recovery with sufentanil may be related to the phar- 
macokinetics of these agents. In particular, the ter- 
minal elimination half-life in humans of sufentanil (5 
pg/kg) is 2.7 hr (7), less than the reported terminal 
elimination half-lives of fentanyl (6.4 ug/kg) or mor- 
phine (1 mg/kg), namely 3.7 hr (8) and 4.5 hr (9), 
respectively. The shorter half-life of sufentanil is prob- 
ably related to its apparent smaller volume of distri- 
bution (7). Note, however, that the relative dose of 
sufentanil in the above comparison study is much 
larger than that of fentanyl (1:1.3, rather than 
1:5-1:10), suggesting that the differences in terminal 
half-lives may be greater than is commonly assumed. 
Thus a more rapid return of consciousness and ven- 
tilatory mechanics may be based on the faster elimi- 
nation of sufentanil when administered in high doses 
as compared to that of either fentanyl or morphine. 

One of the puzzling results in our study was the 
more rapid return of cardiovascular stability in pa- 
tients given sufentanil (Fig. 8). A potential explana- - 
tion of this phenomenon may be based on the rapid 
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Figure 11. Rectal temperature as a function of time. Patients given 
sufentanil appeared to reach a normal postbypass temperature more 
rapidly than patients given either morphine or fentanyl, although 
the differences at any postoperative time were not statistically 
significant. 


return of normal body temperature after bypass. We 
examined rectal temperature after bypass but could 
find no statistically significant differences, although 
patients receiving sufentanil seemed to attain stable 
postoperative temperatures sooner (Fig. 11). Because 
there was no statistically significant difference in the 
times between the end of bypass and the end of sur- 
gery for any of the three opiates, we eliminated this 
as a factor influencing this time interval. 

In summary, our study showed that morphine 
produced prolonged induction of anesthesia and pro- 
longed emergence. Patients receiving high-dose fen- 
tanyl also experienced a relatively prolonged emer- 
gence. However, although the difference between the 
mean time intervals for morphine and fentanyl were 
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often large, a statistically significant difference was 
seen only for induction time. By using our criteria for 
extubation, there was no significant difference be- 
tween fentanyl and morphine. On the other hand, 
patients given sufentanil had more rapid inductions 
of anesthesia and earlier extubations after surgery. 
Because sufentanil produces cardiovascular stability 
similar to that associated with fentanyl, but with less 
need for inotropic or vasoactive agents (Smith N. T. 
et al., unpublished results), and with an earlier awak- 
ening and extubation, sufentanil appears preferable 
to fentanyl as an anesthetic in cardiac surgery. 
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Postoperative hypoxemia has been well documented in adults 
but not in infants and children, although they are potentially 
more susceptible to airway closure and to disturbances in 
pulmonary gas exchange. In a prospective study, we mea- 
sured arterial oxygen saturation (SaO) with a pulse oxi- 
meter in 97 ASA class I infants and children breathing room 
air before and after general anesthesia for superficial surgical 
procedures. Mean preoperative Sao, was 97.6 + 0.15% 
(SEM). On arrival in the recovery room after anesthesia mean 
Sao in room air had decreased significantly (P < 0.01) to 
93.0 + 0.49% (range 100-71%), corresponding to cal- 
culated arterial oxygen tension (Pao) of about 66 mm Hg. 


In adults general anesthesia is associated with reduc- 
tion of the resting lung volume, or functional residual 
capacity (FRC) (1,2), and an increase in the alveo- 
lar-arterial oxygen tension gradient P(A-a)o, (3—5). 
Because elastic recoil of the thorax and lungs is low 
in children, particularly in those less than 1 yr of age, 
the reduction in FRC may be exaggerated (6). Thus, 
in children, airway closure and associated ventila- 
tion/pulmonary perfusion (V/Q) imbalance and intra- 
pulmonary shunting are likely to occur during general 
anesthesia and continue into the postoperative pe- 
riod. If children are allowed to breathe room air, ox- 
ygen desaturation of hemoglobin may result. Post- 
operative hypoxemia has been studied in adults (4,7), 
but not in infants and children. Recently, pulse ox- 
imetry has become clinically available, providing a 
means of continuously and noninvasively measuring 
arterial oxygen saturation (SaQ2) (8). The purpose of 
this study was to investigate the incidence, degree, 
and duration of postanesthetic hypoxemia in other- 
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The second reading, 5-15 min later, also showed a statis- 
tically significant (P < 0.01) decrease in Sao, (94.1 + 
0.35%). There was no statistical difference in Sao; between 
patients who received inhalation anesthesia alone and those 
who were given narcotics. There was also no correlation 
between postoperative reduction in Sao, and duration of 
anesthesia or patient age. Of 67 patients who were asleep 
on arrival in the recovery room, 47 who remained asleep at 
the second Sao, reading had an average increase in Sao, of 
less than 1%. In contrast, in those patients who awoke, 
average Sao, increased more than 4% during a similar time 
period—a difference that was statistically significant (P < 
0.02). 


Key Words: ANESTHESIA — pediatric. HYPOXIA— 
postanesthetic. MONITORING-—oxygen saturation. 


wise healthy infants and children, who were not given 
supplemental oxygen in the postanesthetic recovery 
room. 


Methods 


Included in the study were 97 ASA physical status I 
infants and children (mean age, 4.2 yr; range, 1 month 
to 17 yr) scheduled for relatively simple elective sur- 
gical procedures, such as myringotomy, inguinal her- 
niorrhaphy, and orthopedic procedures on the lower 
extremities, under general anesthesia. We excluded 
patients scheduled for thoracic or abdominal surgery 
and those clinically judged to require supplemental 
oxygen postoperatively. The study was approved by 
the institutional] review board for experimentation in- 
volving human subjects. 

Sixty-two patients did not receive premedication 
and were anesthetized with halothane or isoflurane 
with nitrous oxide. The remaining 35 received nar- 
cotics either as premedication or as a supplement to 
general anesthesia; narcotics were not reversed dur- 
ing or after anesthesia. Thirty-three patients had oral 
endotracheal intubation, usually after administration 
of intravenous atropine (0.02 mg/kg) and succinyl- 
choline (1.0 mg/kg), and 64 breathed by mask. A mod- 
ified Mapleson D partial rebreathing system (coaxial 
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circuit) was used for all patients, with or without as- 
sisted or controlled ventilation. Patients who were 
given nondepolarizing muscle relaxants (n = 16) re- 
ceived intravenous doses of atropine (0.03 mg/kg) and 
neostigmine (0.07 mg/kg) for reversal. All patients 
breathed 100% oxygen for at least 3 min after nitrous 
oxide was turned off and adequate spontaneous 
breathing well established. Children anesthetized 
through an endotracheal tube were given oxygen by 
mask for several additional minutes after extubation. 
The patients were then transferred in the lateral po- 
sition to the postanesthetic recovery room while 
breathing room air. 

Values of Sao, were measured by attaching the self- 
adhesive sensor of a pulse oximeter (Nellcor, Inc., 
Hayward CA) to a finger or toe and directly reading 
a digital display. Preoperative measurements were 
made in the waiting area within 15 min before anes- 
thesia. The patients were awake, either sitting orlying 
in the bed, and with a few exceptions were not crying. 
Postanesthetic measurements of Sao, were made 
shortly after arrival in the postanesthetic recovery room 
and again 5-15 min later (mean, 7.7 min). All patients 
were breathing room air spontaneously, without an 
artificial airway. Most patients were in the lateral po- 
sition when SaO; was measured in the recovery room; 
some awake patients were in the supine position. The 
duration of room-air breathing from the last breath of 
100% Oz in the operating room to the first postop- 
erative 5aO; measurement in the recovery room, was 
3-5 min. The average level of Sao; on a digital readout 
accompanied by an accurate, consistent display of ar- 
terial pulsation during a period of up to 3 min was 
recorded. If Sao; was less than 90%, supplemental 
oxygen was given by mask. The heart rate was re- 
corded at the time of Sao; measurement. Arterial ox- 
ygen tension (Pao?) was estimated from 5a02, assum- 
ing that pH and PCO; were normal, and using a 
Severinghaus nomogram, which was derived from a 
standard oxygen dissociation curve of adult blood cor- 
rected for pH and Pco; (9). Adequacy of ventilation 
was assessed clinically by observing the expiratory air 
flow from the nose or mouth and the movement of 
the thorax, with or without auscultation with a steth- 
oscope. The degree of airway obstruction was scored 
as absent, mild (light snoring with adequate venti- 
lation), or moderate (necessitating a position change 
or a nasopharyngeal airway). 

All data are expressed as mean + SEM. For statis- 
tical analysis we used the least-squares method for 
regression analysis and analysis of variance of re- 
peated measures followed by the appropriate t-test; 
when comparison of two sets of numbers was made, 
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Figure 1. Mean (+ SEM) oxygen saturation (Sa0;) measured with 
a pulse oximeter in children before anesthesia (preop), on arrival 
in the postanesthesia recovery room (PAR-1), and 5-15 min later 
(PAR-2). There is a statistically significant (P « 0.01) reduction in 
SaQ2 in PAR-1 and PAR-2 periods compared with preoperative 
values. Estimated Pao; is from Severinghaus (9). 


we used paired t-tests. A P value of «0.05 was con- 
sidered statistically significant. 


Results 


On arrival in the postanesthetic recovery room, all 
patients had clinically adequate ventilation. Six pa- 
tients, all of whom had received narcotics, had mild 
upper airway obstruction (light snoring) without ap- 
parent disturbance in ventilation. None had moderate 
or severe airway obstruction or required an artificial 
airway. 

The mean preoperative Sao, was 97.6 + 0.15%. 
On arrival in the recovery room, the mean Sao, in 
room air had decreased significantly (P « 0.01) to 
93.0 + 0.49%, with a range of 100-70% (Fig. 1). As- 
suming a normal acid-base balance and hemoglo- 
bin-oxygen affinity, an Sao- of 93% corresponds to a 
Pao, of 66 mm Hg according to the Severinghaus 
nomogram (9); and an Saoz of 71% corresponds to a 
Pao, of 37 mm Hg. The second Sao; values, recorded 
in 81 patients, showed a slight but significant (P < 
0.01) increase (mean, 94.1 + 0.35%) yet remained 
significantly (P < 0.01) below the mean preoperative 
value. In 48 children the Sao; was greater at the sec- 
ond than at the first reading, in 28 it decreased, and 
in 5 it remained the same. Of the 28 patients who had 
a higher first Sao; value, 7 had Sao; values at or above 
99% (higher than preanesthetic values), probably in- 
dicating the residual effect of O} breathing. During 
this early postanesthetic period, 43 patients (43%) had 
a lowest Sao, at or below 91% (Pao; < 60 mm Hg). 
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Table 1. Comparison of Anesthetic Techniques in Relation to Postoperative Sao, (mean + SEM) as Measured with 


Pulse Oximetry 


Group Period 
Inhalation anesthesia Preoperative 
alone (no premedication) PAR-1* 

PAR-2" 

With narcotic (including Preoperative 
premedication) PAR-1 
PAR-2 


“PAR-1, on arrival in postanesthetic recovery room. 
"PAR, 5-15 min later in postanesthetic recovery room. 
There is no statistically significant difference between the two groups. 


There was no statistically significant difference in heart 
rate between normoxemic and hypoxemic patients. 

We compared the 5ao; values in children who did 
and who did not receive narcotics, either as preme- 
dication or as part of general anesthesia (Table 1). In 
both groups the mean preanesthetic Saoz was 97.6%. 
In the 62 patients who did not receive narcotics, the 
mean Sao, was 93.3% at the first reading and 93.8% 
at the second reading. In the 35 children who received 
narcotics the mean first postanesthetic Sao, was 92.6%, 
and the mean second postanesthetic value increased 
to 94.4%, which was significantly (P « 0.05) higher 
than the first reading. There was, however, no sig- 
nificant difference in the extent of reduction in 5ao; 
between the two groups at either the first or the sec- 
ond reading. The mean Sao; in the six children who 
had mild airway obstruction was lower (87.8 + 3.5%; 
range, 95-71%) than the group mean, but the differ- 
ence was not statistically significant. 

There was no correlation between age and the de- 
gree of postoperative oxygen desaturation of hemo- 
globin; the two children who had marked hypoxemia, 
however, were 2 and 5 yr of age (Fig. 2). The mean 
duration of anesthesia was 53.4 min, with a range of 
10-270 min. There was no significant correlation be- 
tween Sao, and the duration of anesthesia. 

Table 2 summarizes the relation between state of 
wakefulness and Saoz. Of 68 children who were asleep 
when Sao, was initially measured in the postanes- 
thetic recovery room (PAR-1), 47 were still asleep at 
the second reading (PAR-2); the remaining 21 patients 
awoke between the first and second measurements. 
In children who remained asleep, Saoz increased from 
the first reading by an average of less than 1%. In 
contrast, in those who awoke shortly after the first 
SaO, measurement in the recovery room, whether 
crying or calm, the second Sao, increased by an av- 
erage of more than 4% from the first measurement in 
the recovery room. There was a statistically significant 


n" 9aQ2 (96) Difference (cf preo) 
62 97.7 + 2.0 

62 93.3 + 0.61 P < 0.01 

43 93.8 + 0.48 P < 0.01 

35 97.6 + 0.24 

35 92.6 + 0.86 P < 0.01 

35 94.4 + 0.51 P < 0.01 


difference (P < 0.02) in the extent of increase in Sao; 
between the two groups. 


Discussion 


Pulmonary gas exchange deteriorates during general 
anesthesia (1,3,7). In adults the increase in P(A-a)o2 
continues into the early postoperative period, even 
after minor surgical procedures, and may result in 
hypoxemia if patients are allowed to breathe room air 
(7,10). Infants and children are more vulnerable to 
airway closure (6,11), and thus more likely to develop 
postoperative disturbances in pulmonary gas ex- 
change. However, information on postoperative hy- 
poxemia in pediatric patients is lacking, partly be- 
cause there has not been a reliable, noninvasive 
alternative to arterial blood-gas analysis for monitor- 
ing oxygen tension. 

The pulse oximeter, which has become clinically 
available recently, measures Sao; continuously and 
noninvasively. Its probe, usually applied to a finger- 
tip, senses changes in light absorption that occur syn- 
chronously with arterial pulsation. Thus the oximeter 
detects arterial rather than capillary hemoglobin sat- 
uration (Sa02), on a beat-to-beat basis, without heat- 
ing or arterialization (8). Previous investigations have 
established that the pulse oximeter accurately reflects 
Saoz in all age groups, with various hematocrits and 
in various body positions, over a range of 70-100% 
(8). We confirmed these findings in our laboratory 
before beginning this study. The accuracy of pulse 
oximetry has also been reported in preterm infants 
with fetal hemoglobin (12). No user calibration is re- 
quired (8). The reliability of pulse oximetry can be 
affected by conditions that reduce vascular pulsation 
in the fingertip, such as hypothermia of more than 
several degrees centigrade, hypotension of less than 
50 mm Hg mean arterial pressure in adults, and the 
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Anesthesia duration (minutes) 
Figure 2. SaO, measured on arrival in the postanesthesia recovery 


room (ordinate) plotted against age (abscissa). There is no corre- 
lation (P > 0.1) between the two. 


use of vasoconstrictive drugs (8). None of these con- 
ditions occurred in this study. 

Our study was limited to otherwise healthy infants 
and children (ASA I), most of whom were day-sur- 
gery patients for relatively simple surgical proce- 
dures. Such patients do not ordinarily receive sup- 
plemental O; in the recovery room in our institution. 
Yet we found significant oxygen desaturation (an av- 
erage Sao, equivalent to Pao, of 66 mm Hg) on arrival 
in the recovery room, despite the administration of 
100% oxygen to all patients in the operating room just 
before their transport to the recovery room. Approx- 
imately 43% of these patients had moderate to severe 
hemoglobin desaturation, with an estimated Pao; at 
or below 60 mm Hg, at which level the hypoxic ven- 
tilatory response becomes prominent in awake hu- 
man adults (13). In two patients, 2 and 5 yr old, Sao» 
decreased to the low 70s, indicating that their Pao; 
was below 40 mm Hg. Neither of these two children 
was noticeably cyanotic, probably owing to their rel- 
atively low hemoglobin concentrations (10.0 and 12.0 
g/dl, respectively). Their heart rates (118 and 114 
beats/min, respectively) were regular and similar to 
those of the normoxic children. One of these children 
had mild upper airway obstruction (light snoring) but 
appeared to be breathing adequately. He was given 
O; by mask, which increased Sao; to 100%. A second 
reading was taken in room air 6 min later, when he 
was awake and calm. His Sao; stabilized at 90% and 
the O; mask was put in place again. The second pa- 
tient was breathing adequately, without upper airway 
obstruction, but despite severe hypoxemia here ven- 
tilation was not increased (transcutaneous PCO2, 41—42 
mm Hg). She was maintained on supplemental Oz, 
and a second reading in room air was not taken. The 
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lack of hypoxic response may have been due to 
depression of the carotid chemoreceptors (14) by a 
trace amount of inhalation anesthetics, as has been 
described in adult patients (15,16). 

An interesting and clinically important finding in 
this study was the relation between the state of wake- 
fulness in the recovery room and the rate of recovery 
of pulmonary gas exchange. In patients who awoke 
promptly, whether crying or calm and alert, Sao; in- 
creased rapidly from the initial arterial hemoglobin 
desaturation. In contrast, in those who remained 
asleep, the recovery of hemoglobin saturation was 
protracted. Our study was limited to the intermittent 
measurement of Sao, during the immediate post- 
anesthetic period. Further studies are needed to de- 
termine the duration of postanesthetic hemoglobin 
desaturation in children. 

There are a number of possible causes for the post- 
anesthetic increases in P(À-a)O5 we observed. Gen- 
eral anesthesia is associated with an 8-25% reduction 
in FRC, even in healthy young aduit patients. 
(2,5,17—20). In children, FRC is further decreased dur- 
ing anesthesia (21), probably because the elastic recoil 
pressure of the lung is low (22,23) and closing capacity 
is increased (11). Thus in children a reduction of FRC 
would result in more profound airway closure and 
increase in P(A—a)O, during general anesthesia, which 
may continue into the postanesthetic period. 

Anesthetics and narcotics depress the ventilatory 
response to CO; and may cause hypoxemia secondary 
to hypoventilation and hypercapnia (24). Upper air- 
way obstruction may also cause hypoventilation, be- 
cause anesthesia, in addition to its direct depressive 
effect on the respiratory centers, diminishes the re- 
sponse to hypoxemia and hypercapnia in the pres- 
ence of partial airway obstruction (25). Furthermore, 
depletion of body CO, stores by prolonged artificial 
hyperventilation during anesthesia may result in hy- 
poventilation in the postanesthetic period (posthy- 
perventilation hypoventilation), which may in turn 
cause hypoxemia (26). A residual effect of inhalation 
anesthetics on hypoxic pulmonary vasoconstriction 
may persist and cause an increase in P(A-a)o, in the 
postanesthetic recovery room (27). It was probably 
not a major contributing factor in the present study; 
there was no statistically significant difference in the 
extent of hemoglobin desaturation between the group 
given inhalation anesthesia and those given primarily 
N.O-narcotic anesthesia. 

Because of their increased susceptibility to airway 
closure, it was expected that hemoglobin desaturation 
might be more severe in the infants than in the older 
children, but the data do not indicate such a trend. 
There are several possible explanations. First, infants 
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Table 2. Effect of State of Wakefulness in the Postanesthetic Recovery Room on Sao, (mean + SEM) as Measured with 





Pulse Oximetry . 
Group Period n State Sad, (96) Increase in Sao; (%3 
Continued to sleep PAR-1^ 47 Asleep 92.9 + 0.55 0.98 + 0.45 
PAR-2* 47 Asleep 93.9 + 0.40 (P < 0.05) 
Awoke in PAR PAR-1 21 Asleep 91.5 x 1.19 4.05 + 1.12 
PAR-2 21 Awake 95.5 + 0.71 (P < 0.01) 
Difference (P « 0.02) 


between groups 


*PAR-1, on arrival in postanesthetic recovery room. 
*PAR-2, 5-15 min later in postanesthetic recovery room. 


were given much lower concentrations of inhalation 
anesthetics, usually less than 0.5% of halothane in the 
N5O-OQ, mixture for maintenance of anesthesia. The 
infants recovered from anesthesia more rapidly than 
did the older children. Second, infants were often 
given disproportionately large tidal volumes, partic- 
ularly when inexperienced trainees failed to reduce 
positive pressure to accommodate the more compliant 
respiratory systems in infants. Furthermore, a recent 
study (28) has shown that the time constant of the 
respiratory system for passive exhalation is longer in 
infants than in adults. Because infants breathed or 
were ventilated with high respiratory frequencies, the 
end-expiratory volume might not have returned to 
the true FRC, or relaxation volume. Thus, this inad- 
vertent positive end expiratory pressure (PEEP) may 
have kept the FRC high and prevented airway clo- 
sure. On the other hand, the lack of correlation be- 
tween age and postanesthetic hemoglobin desatura- 
tion may indicate that Pao, was indeed underestimated 
in infants less than 6 weeks of age; in this age group 
the presence of a substantial concentration of fetal 
hemoglobin lowers Ps9 and impedes blood O; un- 
loading at the tissue level (6,29). Therefore, hypox- 
emia in infants may be more profound than the levels 
estimated from a nomogram, which does not take the 
difference in O;-hemoglobin affinity into account (9). 

What is the clinical significance of the degree of 
hemoglobin desaturation we observed in healthy in- 
fants and children after general anesthesia? Patients 
with chronic pulmonary disease live with Pao, less 
than 60 mm Hg. Children with right-to-left shunting 
from congenital heart disease survive with Pao; in 
the 40s. Furthermore, natives at extreme high alti- 
tudes sustain complete life cycles at Pao, well below 
60 mm Hg. The major difference between these cases 
of chronic hypoxemia and the children with acute 
hypoxemia in the current study is that in chronic hy- 
poxemia a number of adaptive mechanisms develop, 
such as an increase in alveolar ventilation and cardiac 


output, a higher concentration of hemoglobin, and 
an increase in organic phosphates with a resultant 
reduction in oxygen affinity of hemoglobin that fa- 
cilitates O2 unloading at the tissue level (30). In con- 
trast, children in the postanesthetic recovery room 
with acute hypoxemia not only lack adaptive mech- 
anisms, but at the same time are deprived of normal 
protective mechanisms such as the hypoxic ventila- 
tory response. Thus it is probable that these patients 
have an increased risk of potentially serious compli- 
cations. It is common practice to give a minimum of 
30% Os during general anesthesia, even when ven- 
tilation is assisted or controlled, to prevent hypox- 
emia. The present study shows that in children 21% 
O» (room air) is also a potentially hypoxic mixture 
during the early postoperative period. In many chil- 
dren’s hospitals and university hospitals in the United 
Siates, supplemental oxygen is not routinely given to 
children in the postanesthetic recovery room. Cost 
may be a factor, but more important reasons appear 
to be ignorance and, because children often do not 
tolerate a face mask, "convenience." The present data 
indicate that the oxygen mask should be used at least 
until a child is awake enough to reject it, when the 
need for supplemental oxygen diminishes. 
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The purpose of this study was to examine the discrepancy 
between the reported in vitro half-life of chloroprocaine and 
the slower observed disappearance of the drug in maternal 
plasma. The study had two aims. The first was to redeter- 
mine the in vitro half-life of 2-chloroprocaine in maternal 
and fetal plasma. The second was to determine the apparent 
half-life of 2-chloroprocaine in vivo after intrapartum epi- 
dural anesthesia in obstetric patients. Gas chromatography 
or gas chromatography/mass spectrometry techniques were 
used to measure 2-chloroprocaine in maternal or fetal plasma. 


2-chloroprocaine (nesacaine®) is an ester-linked local 
anesthetic agent rapidly hydrolyzed by plasma cho- 
linesterases to inactive metabolites. Because of its rapid 
hydrolysis, its pharmacology has not been thoroughly 
studied. Until recently, 2-chloroprocaine could not be 
measured in plasma in vivo, so that its half-life had 
been determined only in vitro (1). In that study, the 
half-life in maternal and fetal cord plasma was re- 
ported to be 21 and 43 sec, respectively. However, 
these data are inconsistent with recent reports of mea- 
surable plasma levels in maternal and cord blood after 
epidural anesthesia or paracervical blockade (2,3). 
Graphs of 2-chloroprocaine plasma concentration vs 
time have been demonstrated repeatedly (2-4). Fur- 
thermore, in some cases levels are detectable for up 
to 30 min. 

The reason for the discrepancy between the in vitro 
half-life data and the in vivo observations is not clear, 
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Mean in vitro half-lives of 11.2 + 2.8 and 15.4 + 5.2 sec 
were found for maternal and fetal plasma from nine patients, 
respectively. The maternal half-iife was significantly shorter 
than the fetal half-life (P < 0.95). The mean apparent tn 
vivo half-life in maternal plasma was found to be 3.1 + 
1.6 min. The results of this study show that the half-life in 
vitro is correctly measured in seconds. However, the ap- 
parent half-life in vivo after epidural anesthesia is 3.1 + 
1.6 min and ranges from 1.5 io 6.4 min. The differences 
in the magnitude of the two findings is probably due to 
continuous uptake of the drug from the epidural space. 


Key Words: ANESTHETICS, LOoCAL—2-chloropro- 
caine. ANESTHESIA —obstetric. 


but may have been due to methodological problems. 
The original study used techniques which were rel- 
atively insensitive and reported that 2-chloroprocaine 
was undetectable in maternal or fetal plasma (1). This 
was subsequently disproved (2-4). The difference be- 
tween the very short half-life obtained in vitro and . 
the persistence in vivo might also be due to slower 
uptake of the drug from the injection site. Further- 
more, there may be inhibition of the enzyme by the 
large amount of substrate (5). Finally, the discrepancy 
may be due to a combination of several of the above 
factors. 

The purpose of this study was to resolve the dis- 
crepancy between the reported in vitro half-life of 2- 
chloroprocaine and the slower disappearance of 2- 
chloroprocaine in maternal plasma in vivo. In order 
to accomplish this, the study had two aims. The first 
was to redetermine the in vitro half-life of 2-chloro- 
procaine in maternal and fetal plasma. The second 
was to estimate the half-life of 2-chloroprocaine in 
vivo after intrapartum epidural anesthesia in obstetric 
patients. 


Methods 


Patient Selection 


Eighteen parturients were studied. Appropriate in- 
formed consent was obtained, and the study was ap- 
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proved by the Human Investigation Committee of 
Cleveland Metropolitan General Hospital. Patients with 
hepatic or renal disease and those with histories of 
drug addiction were excluded from the study. Pa- 
tients with mild complications of pregnancy, such as 
gestational diabetes or mild preeclampsia, were not 
excluded as long as epidural anesthesia was judged 
to be clinically appropriate by the attending physician. 


Anesthesia 


Different local anesthetic agents were used for each 
of the parts of the study. Patients who did not receive 
2-chloroprocaine or any other compound metabolized 
by plasma cholinesterases before delivery were re- 
cruited for the in vitro study, and those who received 
2-chloroprocaine for epidural anesthesia were re- 
cruited for the in vivo half-life study. 


Sample Collection for In Vitro Half-Life Study 


For the in vitro half-life study, 40 ml of maternal blood 
was collected from patients who did not receive chlo- 
roprocaine for epidural anesthesia. At delivery, both 
a doubly clamped section of cord and the placenta 
were obtained. As much fetal blood as possible (10-30 
ml) was collected from the cord and by cannulating 
the placenta. The samples were immediately poured 
into a beaker containing 10 yl of liquid heparin (1000 
usp unit/ml; Elkins-Sinn, Inc., Cherry Hill, NJ) per ml 
whole blood. 

While the sample was stirred, 1 ul of 1 mg/ml 2- 
chloroprocaine per ml of blood was rapidly added to 
the beaker. After addition of the drug, 2 ml aliquots 
of blood were removed from the beaker at intervals 
depending upon how much blood was available. These 
intervals were 2, 10, 20, 30, 40, 50, 60, 75, 90, and 105 
sec, and every 10-20 sec thereafter. Prior to the ex- 
periment, one sample was placed into a plain vacu- 
tainer, and the rest were placed into tubes containing 
0.3 ml of the cholinesterase inhibitor, echothiophate 
iodide, (0.2 g/ml) (Ayerst Laboratories) (1,2,4). Sam- 
ples with inhibitor were analyzed for 2-chloropro- 
cairie, and the sample in the plain tube was analyzed 
for cholinesterase activity. Each tube was centrifuged, 
and the plasma was frozen for subsequent enzyme or 
drug analysis. 


Sample Collection for the In Vivo Study 


For the in vivo half-life portion of the study, maternal 
blood samples (3 ml) were collected intrapartum from 
an indwelling cannula in a superficial vein on the 
dorsum of the hand 1, 3, 5, 7, 10, 20, 30, 45, and 60 


KUHNERT ET AL. 
Table 1. Clinical Characteristics—Mothers 
Study 
In vitro In vivo 
half-life half-life 
(n = 9) (n = 9) 
Maternal age 28.4 + 8.3 2/6 3 3.2 
Gravidity 3:6: t 2.2 29 X L7 
Parity 2,0 2.4.9 1.7 L3 
Delivery method 
Vaginal 5 3 
Repeat cesarean section 4 6 
Complications 
Weight > 200 Ibs 1 =- 
Weight < 100 Ibs 1 — 
Mild/moderate 1 — 
preeclampsia 
Diabetes class A = 3 
Diabetes class C — 1 
Cholinesterase deficiency — 1 
(heterozygote) 


min after epidural anesthesia with 2-chloroprocaine, 
and at delivery. If a repeat dose was given, the sam- 
pling protocol was restarted. The drug was admin- 
istered after a test dose using standard precautions 
to avoid either intrathecal or intravenous injection. 
The amount and timing of anesthesia were not influ- 
enced by this study. All samples were immediately 
stored on ice and analyzed as before. 


Specimen Analysis 


Most of the plasma levels of 2-chloroprocaine were 
analyzed by single-ion-monitoring gas chromatogra- 
phy/mass spectrometry (4). Levels from several early 
patients were obtained by gas chromatographic tech- 
niques (2). The sensitivity of these methods are « 1 
and « 3 ng/ml of plasma, respectively. The analytic 
technique does not influence determinations of drug 
disappearance. Plasma cholinesterase activity and the 
dibucaine number were determined by spectropho- 
tometry for documentation of normal cholinesterase 
levels in all patients (6). 


Estimation of Half-Life 

Half-lives were estimated using the formula for ex- 
ponential curve fitting, y = ae "* where y equals the 
concentration of drug; a, the extrapolated zero-time 
concentration; e, the natural logarithm; b, the rate 
constant for drug disappearance; and x, the time in 
seconds or minutes (7). Half-life was then calculated 
by dividing 0.693 by b, the rate constant for drug 


p~ 


HALF-LIFE OF 2-CHLOROPROCAINE 


Table 2. Amount and Timing of Anesthesia for Patients 
Receiving 2-Chloroprocaine for Epidural Anesthesia 





2-Chloropracaine Mean + SD Range 
Number of doses administered 1.9 + 1.1 1-4 
Dosage administered (mg) 643 + 289 220—990 
Drug-to-delivery interval (min) 
First dose 51 + 40 24—148 
Last dose 2325-3 7—39 


disappearance. A single-compartment model was as- 
sumed. A minimum of three data points from a linear 
portion of the concentration-time profiles was used. 
The coefficient of determination (R?) was used to test 
the goodness of fit of the model to the data. A min- 
imum coefficient of determination of 0.90 was re- 
quired for inclusion of patient data in the in vivo study 
(in the in vitro study, linearity was not a problem). 
Calculations and statistics were done with the statis- 
tical and curve-fitting programs for a Hew- 
lett-Packard 41C programmable calculator. Semilo- 
garithmic concentration-time plots showing the 
disappearance of 2-chloroprocaine in vitro or from 
maternal plasma were obtained by plotting concen- 
trations of drug against time. 


Statistical Analyses 


Both pooled and paired t-tests were used to test 
whether or not there were differences in in vitro half- 
lives between maternal and fetal blood. 


MÀ 


Results 
Patient Population 


The clinical characteristics of the parturients and the 
timing and amount of anesthesia are shown in Table 
1 for each part of the study. Each group's antenatal 
characteristics were similar. One patient in the in vivo 
half-life subgroup was a class C diabetic, and another 
patient in this subgroup was identified as heterozy- 
gous for an abnormal plasma cholinesterase gene. Ini- 
tially, the data from these patients were treated sep- 
arately. However, when it became obvious that their 
2-chloroprocaine half-life and enzyme activity were 
normal, they were included with the rest of the group. 
The mean value does not change if these two patients 
are included or excluded. 

The amount and timing of anesthesia for the group 
who received 2-chloroprocaine for epidural anes- 
thesia are shown in Table 2; the clinical characteristics 
of the neonates of these mothers are shown in Table 
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Table 3. Clinical Characteristics—Neonates 


Study  . . 
In vitro In vivo 
half life half life 
(n = 9) (n = 9) 
Gestational age (weeks) 39.4 + 1.3 38.4 + 1.7 
(range) (38-42) (36-42) 
Birthweight (g) 3411 + 428 3499 : 563 
(range) (2860—4090) (2370-4120) 
Apgar score 
« 7 at 1 min 3 0 
(number of neonates) 
« 7 at 5 min 0 0 


(number of neonates) 


3. Only plasma from neonates in the in vitro half-life 
group was studied. In this group, all infants were at 
term and appropriate, or large, for gestational age. 
One infant had transient tachypnea in the nursery. 
All infants had Apgar scores > 7 at 5 min of life. 


In Vitro Half-Life 


The data for maternal and fetal in vitro half-lives of 
2-chloroprocaine, goodness-of-fit values, and number 
of points studied are shown in Table 4. Both mean 
and individual values are presented. Maternal half- 
life values ranged from 6.9 to 15.4 sec, and fetal val- 
ues ranged from 10.5 to 22.3 sec. Mean values were 
11.2 + 2.8 and 15.4 + 5.25 sec for maternal and fetal 
plasma, respectively. Although samples were col- 
lected in some cases for as long as 240 sec, 2- 
chloroprocaine was nondetectable by 90 sec in most 
of the samples. The coefficient of determination val- 
ues for fetal data ranged from 0.96 to 1.0 with a mean 
of 0.99 + 0.01. In most cases, maternal drug half-life 
was found to be shorter than fetal drug half-life. The 
difference between mean half-life values for maternal 
and fetal plasma were significant by pooled t-test (t = 
2.17; P < 0.05) and also by paired t-test (t = 4.27; 
P < 0.05) for a two-sided analysis. The coefficient of 
determination values for the maternal data ranged 
from 0.94 to 1.0 with a mean of 0.97 + 0.02. 


In Vivo Half-Life 


In vivo half-lives were calculated from linear portions 
of plasma concentration—time profiles obtained after 
epidural anesthesia. Linearity was verified by good- 
ness-of-fit calculations. Examples of two plasma con- 
centration-time profiles are shown in Figures 1 and 
2. The shape of these curves is very variable (2,4), 
although Figure 1 is similar to one that was published 
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Table 4. In Vitro 2-Chloroprocaine Half-Life (sec), the Coefficient of Determination (R?), and the Number of 


Data Points Used 


ti, Maternal R? (Number of points) ti, Fetal R? (Number of points) 

Subject number 

1 15.2 0.94 (8) 22.4 0.99 (7) 

2 8.8 1.00 (4) 11.2 0.99 (4) 

3 9.3 0.97 (7) 21.7 0.99 (5) 

4 15.4 0.96 (7) 16.9 0.99 (8) 

5 11.8 0.95 (6) 10.5 0.98 (3) 

6 10.8 0.98 (5) 217 0.98 (6) 

7 10.8 1.00 (6) 11.8 1.00 (6) 

8 6.9 0.95 (5) 11.0 0.96 (6) 

9 11.6 0.95 (4) 11.8 0.99 (9) 
Mean «+ SD 11.2 + 2.8 0.97 + 0.02 (5.8 + 1.4) 15.4 + 5.2 0.99 + 0.01 (6.0 + 1.9) 
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Figure 1. Plasma concentration-time profile illustrating uptake of 
2-chloroprocaine from the epidural space. 


previously (4). Others have been published earlier. 
Figure 1 illustrates a patient who received two doses 
of 2-chloroprocaine for a repeat cesarean section. Peak 
concentrations occurred several minutes after each 
administration of the drug. These appear to illustrate 
uptake of the drug from the epidural space at a rate 
initialy more rapid than hydrolysis of the drug by 
plasma cholinesterases. A slight rebound is also noted 
at 40 min, which may have been due to physiologic 
changes accompanying the delivery at this point. The 
apparent rebound may be the result of methodolog- 
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Figure 2. Plasma concentration-time profile from a patient heter- 
ozygous for the abnormal plasma cholinesterase allele. 


ical error, but this is an unlikely possibility. Half-lives 
were calculated from the decreasing portions of the 
curves which were present after each dose. The half- 
life for this patient (1.5 min) was the same after each 
dose. However, the coefficient of determination (which 
reflects the goodness of fit) 0.96, obtained after the 
second dose, reflected the more linear appearance of 
this curve. The coefficient of determination of the first 
disappearance was 0.81. Figure 2 illustrates a patient 
where the second dose had less of an influence on 
the plasma levels than in Figure 1. This patient was 
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Table 5. In Vivo 2-Chloroprocaine Half-Life (min), the 
Coefficient of Determination (R?), and the Number of 
Data Points Used 








ti; Maternal R? (Number of points) 

Subject 

number 

1 2.2 0.90 (5) 

2 6.4 0.99 (3) 

3 3.1 1.00 (3) 

4 45 ` 1.00 (3) 

5 2.1 1.00 (3) 

6 4.17 0.97 (5) 

7 1.5% 0.96 (3) 

8 2.2 0.90 (4) 

9 1.6 0.90 (3) 
Mean + SD 3.1 + 1.6° 0.96 + 0.05 (3.6 + 0.9) 


"Heterozygous for abnormal pseudocholinesterase allele dibucaine num- 
ber 43; enzyme activity within normal range. 

Diabetic class C. 

‘Mean + sp = 3.2 + 1.7 without patients 6 and 7. 


found to be heterozygous for an abnormal plasma 
cholinesterase allele (dibucaine number 43). How- 
ever, her enzyme activity was normal. Her 2-chlo- 
roprocaine half-life was 4.1 min; the coefficient of de- 
termination was 0.97. 

The data for maternal in vivo half-lives of 2-chlo- 
roprocaine after epidural anesthesia, the coefficient 
of determination, and the number of samples avail- 
able for calculation of half-lives are shown in Table 5. 
Both mean and individual values for the nine patients 
are shown. Maternal drug half-life values ranged from 
1.5 to 6.4 min with a mean value of 3.1 + 1.6 min. 
The mean is 3.2 min with patients 6 and 7 excluded. 
Coefficients of determination values ranged from 0.90 
to 1.0 with a mean of 0.96 + 0.05. 


Discussion 


The results of this study suggest that the in vitro half- 
life is correctly measured in seconds; however, the 
apparent half-life in vivo after epidural anesthesia 
ranges from 1.5 to 6.4 min. The difference in the mag- 
nitude of the two findings is probably due to contin- 
uous uptake of the drug from the epidural space. 
Based on previous family history, one patient was 
identified by the anesthesiologist as possibly having 
a gene for abnormal plasma cholinesterase. In our 
laboratory, this patient was subsequently identified 
as a heterozygote by the dibucaine number. Interest- 
ingly, this patient had a normal 2-chloroprocaine half- 
life and enzyme activity. Furthermore, this patient 
had neither adverse reaction to epidural anesthesia 
with 2-chloroprocaine, nor a prolonged epidural block. 
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In this patient the one normal gene apparently coded 
for enough enzyme to metabolize 2-chloroproeaine in 
a manner similar to patients homozygous for the nor- 
mal enzyme. This is very different from a previously 
reported patient who was homozygous for the ab- 
normal gene, and who had excessive somnolence and 
a prolonged epidural block after epidural anesthesia 
(8). 

The mean in vitro half-lives of 11.2 and 15.4 sec for 
maternal and fetal plasma, respectively, are slightly 
less than those of 21 and 43 sec reported previously 
by O'Brien et al. (1). This difference could result from 
differences in handling of the samples, in the sam- 
pling protocol, or in the analytic techniques. In the 
present study, the more rapid half-life obtained could 
have occurred because the experiments were run im- 
mediately after obtaining the samples. This is sup- 
ported by the large standard error of the earlier study's 
values (2.21 and 4.24 sec for maternal and fetal plasma, 
respectively) compared with the present study (0.93 
and 1.74 sec, respectively). Another reason for the 
differences between this study and the previous one 
may have been the sampling protocol: a larger sample 
size tends to improve the goodness of fit. Neverthe- 
less, both studies agree that the in vitro half-life of 2- 
chloroprocaine is very short, and that the maternal 
drug half-life is significantly shorter than the fetal. 

This study appears to be the first estimation of an 
in vivo half-life for 2-chloroprocaine after epidural 
anesthesia. Ideally, half-lives are determined after in- 
travenous administration. However, if the drug is not 
given by this route, the half-life after epidural anes- 
thesia is relevant. Clearly, the mean half-life of 3.1 
min obtained after epidural anesthesia reflects what 
happens clinically more closely than does the in vitro 
half-life. Traditionally, with a two-compartment model, 
a distribution and an elimination half-life are ob- 
tained. The half-lives reported here assume a single 
compartment. Except for one case (2), no distribution 
phase was apparent after epidural anesthesia with 
chloroprocaine. This is probably because the drug is 
metabolized in the plasma (i.e., in the "distribution" 
compartment). 

The large range of in vivo half-lives (1.5-6.4 min) 
was not found for the in vitro half-lives. This large 
range suggests that the variation may be due more to 
the differences in uptake of the drug from the epidural 
space than to differences in ability to metabolize the 
drug. This in turn reflects variations in the vascularity 
of the epidural space as well as placement of the epi- 
dural catheter. In some cases, the drug levels peak 
immediately after each dose (2), and in others the 
drug takes several minutes to reach its maximum level 


(4) (Figure 1). 
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In previous studies, 2-chloroprocaine was not al- 
ways detectable in maternal plasma for an extended 
beriod of time after epidural anesthesia (2). In these 
patients with only isolated data points, a half-life could 
not be calculated. One can hypothesize that these 
patients have extremely rapid half-lives. Alterna- 
tively, the technique's sensitivity may have been less, 
or the uptake of the drug from the epidural space 
slower, so that enzyme hydrolysis could keep up with 
the appearance of the drug in plasma. The small range 
of the in vitro half-lives (6.9—15.4 sec) supports this 
latter hypothesis. 

The short half-life of 2-chloroprocaine in maternal 
and fetal plasma (21 and 43 sec) has been suggested 
as evidence for its lack of toxicity (1). This rapid me- 
tabolism was assumed to result in undetectable con- 
centrations of drug in maternal plasma and no fetal 
exposure (1). This assumption was disproved with 
better analytic techniques (2-4). Measurable levels are 
present, and the drug does cross the placenta in its 
active form. However, these levels are very low and 
probably inconsequential to the mother and fetus with 
normal plasma cholinesterase activity. The results of 
this study show that the mean apparent maternal 2- 
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chloroprocaine half-life after epidural anesthesia is not 
21 sec, but 3.1 min. 
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In spite of the increasing use of intravenous lidocaine in the 
operating room, no pharmacokinetic data exist for intra- 
venous lidocaine in children. We studied ten children, ages 
0.5-3 yr, and eight adults to determine lidocaine phar- 
macokinetics during anesthesia with halothane, nitrous ox- 
ide, and oxygen. After induction of anesthesia, tracheal 
intubation, and insertion of venous and arterial catheters, 
lidocaine, 1 mg/kg, was infused intravenously over 30 sec. 
Arterial samples were drawn at 0.5, 1, 2, 4, 5, 10, 15, 30, 
60, 90, and 120 min. Plasma was separated and analyzed 
for lidocaine, using gas chromatography. Plasma concen- 
tration vs time data were fitted to a two-compartment model. 


Intravenous lidocaine is used in adults in the oper- 
ating room to eliminate cardiac arrhythmias (1), di- 
minish cardiovascular responses to intubation (2), 
modulate intracranial hypertension (3), decrease re- 
flex bronchoconstriction (4), and abate coughing (5). 
Pharmacokinetic data for intravenous lidocaine are 
available for adults and may be used to predict dos- 
ages and infusion rates. 

Due to differences in body water distribution, blood 
volume, body composition, and drug binding (6), 
children may absorb, distribute, and eliminate drugs 
differently than adults. Studies in children indicate 
age-related differences in lidocaine pharmacokinetics 
but are based on subcutaneous (7,8), intratracheal (8), 
or caudal (8,9) administration. Since intravenous lid- 
ocaine is being used with increasing frequency in chil- 
dren in the operating room, we undertook this study 
to determine lidocaine pharmacokinetics after intra- 
venous administration in young children during gen- 
eral anesthesia. 
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Using standard formulas, we derived the following data: 
Children: distribution half-life (tya) 3.2 min, elimination 
half-life (tB) 58 min, volume of the central compartment 
(V4) 0.22 L/kg, volume of distribution (Vd area) 1.1 Likg, 
and total plasma clearance (CI) 11.1 ml-kg ^ min ^ !. Adults: 
tya 3.6 min, tB 43 min, V, 0.16 L/ke, Vd area 0.71 Likg, 
and Cl 9.8 ml-kg  -min^?. No significant differences were 
found between children and adults for all parameters ana- 
lyzed. We conclude that children older than 6 months of 
age distribute and eliminate intravenous lidocaine in the 
same manner as adults. 


Key Words: ANESTHESIA— pediatric. ANESTHET- 
ICS, LocAL—lidocaine. PHARMACOKINETICS— 
lidocaine. 


Methods 


Ten children, aged 0.5-3 yr, weighing 4.5—14 kg, were 
studied. Hight adults, aged 18-51 years, weighing 48-82 
kg, were studied for comparison. Patients were free 
of hepatic, renal, or cardiac disease; received no pre- 
medication; and required arterial pressure monitoring 
for anesthetic management. Surgical procedures were 
plastic, orthopedic, neurosurgical, or general surgical 
and did riot involve major blood loss during the study 
period. The University of Virginia Human Investi- 
gation Committee approved the study. Informed con- 
sent was obtained from adults and from parents of 
the children. 

After induction (children: methohexital, 25-30 mg/kg 
per rectum; adults: thiopental, 4-5 mg/kg intrave- 
nously), maintenance anesthesia was begun with 
halothane (1.5% inspired), nitrous oxide (70% in- 
spired), and oxygen. If not done preoperatively, in- 
travenous and arterial catheters were inserted. Pan- 
curonium (0.1 mg/kg) was given intravenously, 
followed by endotracheal intubation and controlled 
ventilation. 

Control blood samples were drawn, and lidocaine, 
1 mg/kg, was infused intravenously over 30 sec. Ar- 
terial blood samples (children: 2 ml, adults: 3 ml) were 
obtained at 0.5, 1, 2, 4, 5, 10, 15, 30, 60, 90, and 120 
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Figure 1. Lidocaine decay curves for children and adults (mean 


values at each time point). All patients were given lidocaine, 1 
mg/kg intravenously. 


min after lidocaine administration. Plasma was im- 
mediately separated and stored at — 18°C for further 
analysis. Lidocaine concentrations were assayed in 
triplicate by gas chromatography (Varian 3700) as pre- 
viously reported (10). The plasma concentration vs 
time data were fitted to both a two- and three-com- 
partment model using nonlinear least squares regres- 
sion.analysis (11). Using standard formulas, we de- 
rived the following pharmacokinetic variables: 
distribution half-life (t/a), elimination half-life (tV2B), 
volume of the central compartment (Vi), volume of 
distribution (Vd area), and total plasma clearance (C1). 
Mean values for these variables for each patient group 
were compared using Student's t-test for unpaired 
data. We considered differences significant if P < 0.05. 


Results 


Decay curves of lidocaine concentration vs time for 
children and adults are shown in Figure 1. A two- 
compartment model best fit our data with the follow- 
ing equations: Adults Cp(t) = 4.92e 7 91 + 1.22e7 0.06, 
children Cp(t) = 3.66e79?** + 0.88e °°", where Cp(t) 
is plasma concentration at time t, and A and B are 
expressed in ug/ml. 

Table 1 displays the derived pharmacokinetic pa- 
rameters. We found no significant differences be- 
tween adults and children for any of the parameters 
evaluated. The mean peak lidocaine level in the chil- 
dren was 3.67 ug/ml with a range from 2.37 to 4.54 
pg/ml in 9 out of 10 patients. (One patient reached a 
level of 6.32 ug/ml). 
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Table 1. Derived Pharmacokinetic Variables for Lidocaine 
after Intravenous Bolus Administration 








Variables Children Adults 
tina (min) 3.2 + 1.4 3.6 + 1.2 
tB (min) 58 + 19 43 + 16 
Vi (L/kg) 0.22 + 0.11 0.16 + 0.09 
Vd area (L/kg) 1.11 + 0.34 0.71 + 0.28 
Cl (mbkg " min!) 11.1 + 1.8 9.8 + 1.4 





Abbreviations: ta, distribution half-life; t8, elimination half-life; V, 
volume of the central compartment; Vd area, volume of distribution; Cl, total 
plasma clearance. 

All values represent mean + SEM. 


Discussion 


Numerous investigators have determined intrave- 
nous lidocaine pharmacokinetics in healthy adult vol- 
unteers (12-15), in a variety of disease states (13,16,17), 
in conjunction with other drugs (18,19), and during 
general anesthesia (18,20,21) (Table 2). 

Rational use of intravenous lidocaine in children 
dictates a need for similar pharmacokinetic data. AI- 
though data for intravenous lidocaine pharmacoki- 
netics in children are not available, previous studies 
suggest there are age-related differences in lidocaine 
pharmacokinetics (Table 2). After intratracheal lido- 
caine (4 mg/kg), children under 3 yr of age achieved 
higher lidocaine levels (6.7-6.8 ug/ml) than children 
over 3 yr of age (3.2—4.6 ug/ml) (8). In the same study, 
caudal administration of lidocaine (4 mg/kg) showed 
no apparent age-related changes in plasma levels. A 
subjective review of decay curves indicates similar 
elimination rates for all ages studied. A more com- 
plete pharmacokinetic study after caudal lidocaine (5 
mg/kg) in children 3-9 yr of age found a longer elim- 
ination half-life and larger volume of distribution than 
reported in adults (9). Similarly, neonates are re- 
ported to have large volumes of distribution and pro- 
longed elimination of lidocaine (7,22). Twenty percent 
of a single lidocaine dose remains unabsorbed from ' 
the epidural space 2-4 hr after initial injection in adults 
(15). None of the pediatric studies included identically 
treated adult controls. Thus, interpretation and clin- 
ical application to intravenous administration is 
difficult. 

Our study shows that lidocaine distribution and 
elimination in young children proceeds in the same 
manner as in adults (Table 2). Furthermore, in 9 out 
of 10 children, peak levels did not reach levels con- 
sidered toxic in adults, and there were no apparent 
toxic reactions in this study. A 6-month-old child should 
have a mature central nervous system and cardio- 
vascular system and normal plasma drug binding, 
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tina tB 
(min) (min) 
Adults (intravenous) 
Healthy volunteers 
Other studies (12-15y 4.3-8.3 87-108 
DiFazio" 3.9 56 
General anesthesia 
Balanced — 108 
Halothane — 124 
Children 
Caudal (3-9 yr) (9) — 155 
Subcutaneous (neonates) (7) — 190 
This study (intravenous) 
Adults 3.6 43 
Children (0.5-3 yr) 3.4 58 
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Table 2. Comparison of Lidocaine Pharmacokinetic Studies in Children and Adults 


1986;65:279-82 
Vi Vd area CI 
(L/kg) (L/kg) (mkkg '*min"') * 
0.44—0.77 1.1-1.3 9.2-11.4 
0.89 1.87 11.1 
— 2.0 15.8 
— 1:7 10.7 
— 3.05 15.4 
— 2.75 10.0 
0.16 0.71 9.7 
0.22 1.11 11.1 


Abbreviations: tæ, distribution half-life; t8, elimination half-life; Vi, volume of the central compartment; Vd area, volume of distribution; Cl, total 


plasma clearance. 


*Data converted to body weight basis for simplification using 70 kg as average adult weight. 


‘Unpublished data from this laboratory. 


and thus should tolerate the same plasma lidocaine 
level as does an adult. 

A decrease in lidocaine elimination may have been 
anticipated due to the use of halothane and controlled 
ventilation, known to decrease cardiac output and 
hepatic blood flow (23). Previous work in dogs (18,20) 
and humans (21) has found prolonged elimination 
and decreased clearance of lidocaine during halothane 
anesthesia. These investigators recommended de- 
creasing lidocaine dosage during general anesthesia 
with halothaane (21). Our data in adults and children 
did not indicate decreased metabolism. Distribution 
and elimination half-lives, and plasma clearance are 
similar to data obtained in awake, unmedicated, hu- 
man volunteers in this laboratory (unpublished data, 
Table 2). 

In summary, we have shown that lidocaine phar- 
macokinetics following intravenous lidocaine during 
halothane—nitrous oxide anesthesia are similar in adults 
and children. In children above 6 months of age, it 
does not appear that lidocaine dose needs to be al- 
tered due to age alone. 
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Double-Blind Comparison of Intravenous Doses of Dezocine, 


Butorphanol, and Placebo for Relief of Postoperative Pain 
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GALLOWAY FM, VARMA S. Double-blind comparison of 
intravenous doses of dezocine, butorphanol, and placebo 
for relief of postoperative pain. Anesth Analg 
1986;65:283-7. 


The safety and efficacy of intravenous doses of dezocine (5 
or 10 mg), butorphanol (1 mg), and placebo were compared 
in a double-blind study in 160 patients with moderate to 
severe postoperative pain. Analgesic efficacy was assessed 
for 6 hours after each dose. Mean pain relief scores were 
consistently higher, indicating greater pain relief, for the 
three active treatment groups than for the placebo group. 
The 10-mg dezocine dose was the most effective treatment, 
and 5 mg of dezocine was comparable to 1 mg of butorphanol. 
In the 2 hours after the first dose, 32% of the 10-mg dezocine 
group, 5396 of the 5-mg dezocine group, 6596 of the bu- 


Mixed agonist-antagonist opioid analgesics are con- 
sidered safer than pure agonist opioids because of 
their ceiling effect for respiratory depression and their 
lower addiction potential. Dezocine (Wy-16,225), a 
synthetic bridged aminotetralin, is one of the newer 
compounds in this category (Fig. 1). In standard an- 
imal analgesic tests, dezocine was 7-18 times more 
potent than morphine with a therapeutic index greater 
than 1000 and had slightly less antagonistic activity 
than nalorphine (1,2). Dezocine produced substan- 
tially less respiratory depression and hypotension in 
dogs than did morphine and pentazocine, and it had 
no bronchoconstrictive and histamine-releasing activ- 
ity (3). Dezocine did not suppress abstinence symp- 
toms in morphine-dependent monkeys or. produce 
physical dependence when administered chronically 
to monkeys (4). Studies in humans conducted at the 
Addiction Research Center in Lexington, Kentucky, 
have confirmed these observations (5). 
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torphanol group, and 8896 of the placebo group withdrew 
from the study because of unsatisfactory pain relief. The 
differences in these percentages were statistically significant 
(P « 0.05) between each active therapy group and the pla- 
cebo group, and between the 10-mg dezocine group and the 
butorphanol group. Changes in degree of sedation were sim- 
ilar in the three active therapy groups. Adverse reactions 
were rare, mild, and equally distributed among the four 
treatment groups. We conclude that 10 mg of dezocine is 
superior to 1 mg of butorphanol, and that 5 mg of dezocine 
is as effective as 1 mg of butorphanoi for the relief of moderate 
to severe postoperative pain. 


Key Words: ANALGESICS—dezocine. PAIN— 


postoperative. 


The analgesic activity of parenterally administered 
dezocine has been compared with that of a placebo, 
morphine, and meperidine in patients with postop- 
erative pain, renal colic, or chronic cancer pain (6-12). 
Intramuscular doses of 10 mg of dezocine were as 
effective as 10 mg of morphine and 50-100 mg of 
meperidine for the relief of postoperative pain (6-8). 
In most clinical trials, the onset of analgesia has been 
more rapid with dezocine than with meperidine and 
morphine, and the duration of action has been slightly 
shorter than that of morphine. 

We studied butorphanol, an established mixed ag- 
onist-antagonist opioid analgesic (13), administered 
intravenously in the immediate postoperative period 
(14). In the present investigation, we compared in- 
travenously administered dezocine and butorphanol 
in a double-blind, placebo-controlled study in patients 
with postoperative pain. 


Materials and Methods 


One hundred sixty male and female surgical patients 
between the ages of 18 and 70, classified as ASA phys- 
ical status I or II, participated in this study, which 
was approved by the Denver Department of Health 
and Hospitals Independent Review Committee. Preg- 
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Figure 1. Chemical structure of dezocine. 


nant women, patients sensitive to opioid analgesics, 
those requiring continuous opioid treatment during 
hospitalization, those chronically taking analgesics and 
psychotropic drugs, and those with a history of opioid 
abuse were excluded. Written informed consent was 
obtained from all patients. 

The patients had intraabdominal, orthopedic, and 
general surgical procedures under general anesthesia. 
There were no restrictions on the drugs used for anes- 
thesia. Premedication usually consisted of an anxio- 
lytic (diazepam) and an anticholinergic (atropine) agent. 
For most procedures, anesthesia was induced by in- 
travenous thiamylal and was maintained by inhala- 
tion anesthetic agents (enflurane, halothane, isoflur- 
ane) supplemented by skeletal muscle relaxants. In a 
few patients, anesthesia was supplemented by small 
doses of opioids. 

After surgery, patients were randomly assigned to 
one of four treatment groups and received an intra- 
venous injection of either dezocine (5 or 10 mg), bu- 
torphanol (1 mg), ora placebo. Patients were excluded 
if they had received an analgesic medication within 
3 hr of the administration of the study drug. 

All preanesthetic interviews and postoperative ob- 
servations and assessments were conducted by the 
same blinded observer. Drug efficacy and safety eval- 
uations were made 15, 30, and 60 min and 2, 3, 4, 5, 
and 6 hr after injection and were repeated after each 
subsequent dose. The patients assessed pain intensity 
at baseline and at each observation, and rated it as 
none, 0; mild, 1; moderate, 2; or severe, 3. They also 
evaluated pain intensity on a visual analog scale, from 
"no pain" to “worst pain ever felt," and rated the 
degree of pain relief as worse, —1; none, 0; a little, 
1; moderate, 2; a lot, 3; or complete, 4, at all obser- 
vation times. 

Several measures of analgesic efficacy were derived 
from the patients' subjective evaluations of pain in- 
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tensity and pain relief. The pain intensity difference 
and pain analog intensity difference scores were de- 
termined by subtracting the respective pain intensity 
score at each evaluation from the corresponding base- 
line pain intensity score. Cumulative or summed ef- 
ficacy measures—the summed pain intensity differ- 
ence score, the summed pain analog intensity difference 
score, and the total pain relief score—were deter- 
mined as a weighted sum of the scores during each 
dosage interval (i.e., the sum of each score multiplied 
by the fraction of an hour since the last observation). 

A maximum of six doses was to be allowed over 
48 hr with at least 2 hr between doses. If pain relief 
was inadequate, a standard analgesic could be offered 
as soon as 15 min after study drug administration. 
The timing of such repeat medication, which resulted 
in elimination of the patient from the study, was re- 
corded. These patients were assigned efficacy scores 
corresponding to baseline pain intensity or to "no 
relief" according to the standard convention (15,16). 

Before drug administration and at each observation 
time, blood pressure, pulse, and respiratory rate were 
recorded, and the degree of sedation was noted as 
none (wide awake with no evidence of sedation), mild 
(awake with signs of drug activity), moderate (asleep, 
but arousable to verbal stimuli), or marked (asleep 
and nonresponsive to verbal stimuli). Any adverse 
experiences were recorded, and their relation to the 
study medication was judged. Laboratory tests (com- 
plete blood cell count, serum chemistry profile, and 
routine urinalysis) were done before the operation 
and within 24 hr of the end of the study. 

At the end of the study, patients evaluated the 
overall effect of treatment (excellent, good, fair, or 
poor). The investigator also made an overall clinical 
judgment of whether the treatment was satisfactory, 
considering the degree and duration of analgesia and 
the presence or absence of adverse effects. 

The demographic and baseline efficacy variables of 
a continuous nature were compared by one-way anal- 
ysis of variance, supplemented by the Student- 
Newman-Keuls test for paired comparisons. Nominal 


.. variables and the frequencies of adverse effects were 


“compared by the x^-test; Fisher's exact test was used 
for paired comparisons when appropriate. 

Formal statistical comparisons were restricted to 
the initial dose period. Efficacy variables of an ordinal 
or nominal nature were analyzed by the generalized 
Cochran-Mantel-Haenzel procedure, using marginal 
ridit scores with the initial pain level as covariable 
(17). Pain analog intensity difference and summed 
pain analog intensity difference scores were com- 
pared among the groups by analysis of covariance. 
Vital signs and laboratory determinations were ex- 
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amined for changes within groups from baseline by 
a paired t-test, and comparisons among the groups 
were made by analysis of covariance. 


Results 


The study population consisted of 68 (42%) men and 
92 (58%) women; the mean age was 32 yr (range, 
18-70 yr) and the mean weight was 69 kg (range, 
44.5—99 kg). Before receiving the first dose of study 
medication, 52 (3296) patients had moderate pain and 
108 (68%) patients had severe pain. There were no 
statistically significant differences among the groups 
in demographic characteristics or baseline pain 
intensity. 

Table 1 summarizes the mean changes from base- 
line in pain relief scores after the first dose of medi- 
cation in the 160 patients who had valid efficacy data 
(one patient in the 5-mg dezocine group was excluded 
for having received meperidine less than 3 hr before 
the study drug). During the first hour after drug 
administration, the efficacy scores for the active treat- 
ment groups were all significantly higher (P « 0.05), 
indicating greater pain relief, than for the placebo 
group. The mean pain relief scores were highest for 
the 10-mg dezocine group, followed by those for the 
5-mg dezocine and 1-mg butorphanol groups, which 
generally were similar. The 10-mg dezocine group 
had significantly (P « 0.05) greater pain relief than 
the 1-mg butorphanol and 5-mg dezocine groups from 
30 min through 2 hr after drug administration. All 
three active treatments were superior to placebo, as 
indicated by significantly (P « 0.05) higher total pain 
relief scores. The results were similar on the other 
two scales. 


Table 1. Mean Pain Relief Scores After the First Dose 
of Medication 





Treatment group 


5 mg 10 mg 1mg 

Dezocine Dezocine Butorphanol Placebo 

Time (n = 39) (n = 41) (n = 40) (n = 40) 
15 min 1:77 2.6 24 0.2 
30 min 1.6" one 1.9" 0.3 
1 hr L3 2. oe 1.3? 0.3 
2 hr 0.9" 1.47 ^« 0.6 0.2 
3 hr 0.6 0.8" 0.6 0.3 
4hr 0.3 Doh 0.3 0.1 
5 hr 0.2 0.2 0.2 0.1 
6 hr 0.1 0.1 0.0 0.0 
6 hr 3r 5.19 3.14 0.8 


Higher scores indicate greater relief. 

‘Significantly higher than placebo (P < 0.05). 
Significantly higher than 5 mg of dezocine (P < 0.05). 
‘Significantly higher than 1 mg of butorphanol (P < 0.05). 
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Figure 2. Percent of patients with at least moderate pain relief 
during the first observation period. 


Effective pain relief, as indicated by a pain relief 
score of moderate or greater, was reported at some 
time during the initial dose period by 90% of the pa- 
tients in the 10-mg dezocine group, 69% of the pa- 
tients in the 1-mg butorphanol group, 69% of the 
patients treated with 5 mg of dezocine, and 13% of 
the placebo-treated patients (Fig. 2). The percentages 
of patients in the three active treatment groups with 
effective pain relief were significantly higher (P < 
0.05) than those in the placebo group through the first 
hour after drug administration, and the differences 
continued to be statistically significant through 2 hr 
for the 5-mg dezocine group and through 3 hr for the 
10-mg dezocine group. Moreover, the percentages of 
patients with effective relief in the 10-mg dezocine 
group were significantly higher (P < 0.01) than those 
in the 1-mg butorphanol group at 30 min and 2 hr, 
and significantly (P < 0.05) higher than those in the 
5-mg dezocine group through the first hour after drug 
administration. 

Formal statistical comparisons were restricted to 
the observation period after the first dose because of 
the high percentage of patients in each group who 
withdrew from the study during the initial dose pe- 
riod, and because the patients who remained received 
repeat medication when needed and not at set intervals. 

No patient received the maximum of six doses, and 
only one patient (in the 5-mg dezocine group) re- 
mained in the study for the entire 48 hr. The mean 
number of doses administered was highest in the 10- 
mg dezocine group (1.5 doses), followed by the 5-mg 
dezocine group (1.3 doses), the 1-mg butorphanol 
group (1.2 doses), and the placebo group (1.1 doses). 
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The mean duration of study participation was 5.3 hr 
in the.10-mg dezocine group, 3.4 hr in the 5-mg de- 
*zocine group, 3.0 hr in the 1-mg butorphanol group, 
and 1.3 hr in the placebo group. Patients in the 10- 
mg dezocine group remained in the study signifi- 
cantly longer (P < 0.01) than did those in the placebo 
group. 

After the first dose, 95% of the patients in the pla- 
cebo group, 80% of the butorphanol and 5-mg de- 
zocine groups, and 61% of the 10-mg dezocine group 
had withdrawn from the study. Of these, 88% of the 
patients in the placebo group were early therapeutic 
failures (i.e., required a standard analgesic within 2 
hr of the initial dose), compared with 65% of the bu- 
torphanol-treated patients, 53% of the patients treated 
with 5 mg dezocine, and 32% of the patients treated 
with 10 mg dezocine. The percentage of early thera- 
peutic failures was significantly (P < 0.05) lower in 
all three active therapy groups than in the placebo 
group, and in the 10-mg dezocine group (32% of the 
patients) than in the butorphanol group (65%). For 
the patients who remained in the study longer than 
2 hr, regardless of the number of doses received, the 
reasons for study termination were nondrug related 
(e.g., preference for an oral medication, decreased 
requirement for a parenteral analgesic, intercurrent 
medical or surgical problems) in 15 of 27 (56%) pa- 
tients in the 10-mg dezocine group, 7 of 17 (41%) in 
the 5-mg dezocine group, 9 of 13 (69%) in the 1-mg 
butorphanol group, and 2 of 5 (40%) in the placebo 
group. The differences between groups were not sta- 
tistically significant. 

In all four groups, mean sedation was mild at base- 
line. After drug administration, sedation increased to 
near moderate in the active therapy groups and re- 
mained unchanged in the placebo group. Both the 
sedation scores and the percentages of patients with 
an increased degree of sedation from baseline were 
significantly (P < 0.01) higher in each active therapy 
group than in the placebo group at 15 and 30 min. At 
1 hr and beyond, the mean sedation levels in the 
active therapy groups were near or below baseline. 

The most frequent adverse experience during the 
initial evaluation period was excessive or prolonged 
sedation, reported for two (5%) patients treated with 
5 mg of dezocine, three (7%) patients treated with 10 
mg dezocine, and one (3%) butorphanol-treated pa- 
tient. The only adverse experiences observed during 
the subsequent evaluation periods were nausea and 
vomiting, reported by three of 16 (19%) patients in 
the 10-mg dezocine group and one of eight (13%) 
patients in the butorphanol group. No patient showed 
signs of clinically significant respiratory depression. 
There were no statistically significant differences among 
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Table 2. Summary of Physician and Patient 
Overall Evaluations 





Treatment group 


5 mg 10 mg 1 mg 

Evaluation Dezocine Dezocine Butorphanol Placebo 
Physician evaluation 

Satisfactory 11 (28%) 22 (55%) 9 (23%) 1 (396) 

Unsatisfactory 28 (7270) 18 (45%)  31(78%) 39 (98%) 
Patient evaluation 

Excellent 3 (8%) 3 (896) 0 (0%) 1 3%) 

Good 7 (18%) 12 (3096) 9 (23%) 0 (076) 

Fair 7 (18%) 12 (30%) 7 (18%) 1 8%) 

Poor 21 (55%) 13 (33%) 23 (59%) 38 (95%) 


the groups in the frequencies of adverse effects during 
any evaluation period or throughout the entire study. 

No patient had clinically significant changes in vital 
signs. The results of laboratory tests, which were done 
before and after the study, showed no clinically sig- 
nificant changes from baseline that were attributable 
to therapy. 

In both the patient and physician overall evalua- 
tions of the study drugs (Table 2), each active treat- 
ment group was given a rating that was statistically 
significantly higher than that for the placebo group, 
and 10 mg of dezocine showed a significant (P < 0.05) 
advantage over both 5 mg of dezocine and 1 mg of 
butorphanol. 


Discussion 


In this study, the onset of analgesia was equally rapid 
with both the dezocine doses and the butorphanol 
dose. The 10-mg dose of dezocine provided effective 
analgesia for up to 4 hr after administration, and the 
5-mg dezocine and 1-mg butorphanol doses provided 
analgesia for up to 2 hr. In a previous study (14), we 
found 1 mg intravenous doses of butorphanol to have 
a similar duration of action. The analgesic effects seen 
with 5- and 10-mg dezocine doses were dose-depen- 
dent in both the degree and the duration of analgesia. 
This dose response has been reported with intrave- 
nous and intramuscular doses ranging from 5 to 20 
mg (8,9,12). 

The number of patient withdrawals in each treat- 
ment group may seem extremely high, but the rea- 
sons why must be considered and a differentiation 
should be made between early and late dropouts. 
According to the program, patients requiring repeat 
medication within 2 hr of the initial dose were con- 
sidered therapeutic failures, given a standard anal- 
gesic, and withdrawn from the study. The reasons 
for withdrawal of the patients who remained in the 
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study longer than 2 hr, regardless of the number of 
doses received, were often not drug related. Thus, 
although early discontinuations (less than 2 hr after 
initial dose) correlated with efficacy, late discontin- 
uations tended to reflect the diminished need for an 
intravenous analgesic or a preference for an oral med- 
ication. Both the mean duration of study participation 
and the mean number of doses of test medication 
confirm the trends observed in the initial evaluation 
period. Patients treated with 10 mg of dezocine re- 
mained in the study longest and received the highest 
number of doses, followed by those who received 5 
mg of dezocine, 1 mg of butorphanol, and placebo. 

The results of this study show the safety and ef- 
ficacy of dezocine for the treatment of moderate and 
severe postoperative pain. The 5- and 10-mg doses 
were equal and superior, respectively, to 1 mg of bu- 
torphanol in analgesic efficacy. 


We thank G.S. Littman, PhD, for statistical analyses; V. L. Pascucci, 
PharmD, and M. A. Messick, PharmD, for editorial assistance; and D. 
J. Petro, MD, and N. R. Kunz, PharmD, for clinical review. We are 
indebted to those postoperative patients at Denver General Hos- 
pital whose participation made this study possible. 
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Special Article 


Harvey Cushing: 


His Contribution to Anesthesia 


Nicholas P. Hirsch, MB, BS, FFARCS, and Gary B. Smith, BM, FFARCS 


Please put this [collection of Ether charts] in a 
corner of the Treadwell Library, where someday 
some young fellow may brush the dust from it 
and say, "Who were these fellows anyhow, and 
what is this ‘ether’ they are talking about? Do 
you mean that people used to be put to sleep 
by the inhalation of drugs in the 19th century?” 


Harvey Cushing, 1920 


Cushing’s earliest experience with anesthesia prompted 
an interest in it and led to many important contri- 
butions to the specialty, including the introduction of 
the first anesthetic charts and routine blood pressure 
measurement. In addition, he reintroduced the use 
of local anesthetics into clinical practice, coined the 
term “regional anaesthesia,” and recognized that im- 
provements in anesthetic standards could lead to bet- 
ter operating conditions. 

On January 10, 1893, Dr. Frank Lynam offered 
Cushing, then a Harvard medical student, the op- 
portunity to administer ether to a woman with a stran- 
gulated hernia. Lynam recalls that Cushing "was not 
(1,p69). It is recorded in Cushing's "line-a-day" diary, 
and in a letter to his father, that he had given ether 
on several occasions before this date, and it appears 
that his reluctance on this day may have arisen from 
a previous unpleasant experience. Despite Cushing's 
reservations, the patient was anesthetized. The sur- 
geon, Dr. C. B. Porter, found “a sack filled with gan- 
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grenous black intestines floating in pus. The patient 
failed rapidly and, though stimulation was given, died 
on the operating table a few minutes later" (1,p70). 

In the early days of anesthesia, death under ether 
was not uncommon, and it is probable that the wom- 
an's death was not the first that Cushing had wit- 
nessed. This is substantiated by a letter written by 
him in February 1920 in which he describes his first 
experience administering ether (2). He recalls that he 
was called down from his seat in the surgical am- 
phitheater and sent into a side-room, where, under 
the direction of an orderly, he proceeded to "etherize" 
the patient, an elderly man, as best he could. After 
repeated urgent calls from the surgeon, the patient 
was wheeled into the amphitheater. As the operation 
started, "there was a sudden great gush of fluid from 
the patient's mouth most of which was inhaled. . . .” 
The patient died. Cushing writes: 


I supposed that I had killed the patient. The 
operation was completed in spite of the episode, 
as a demonstration to the class. I slunk out of 
the hospital, walked the streets of North Boston 
the rest of the afternoon, and in the evening 
went to the surgeon's house to ask if there was 
any possible way I could atone for the calamity 
to the man's family before I left the Medical School 
and went into some other business. 

To my perfect amazement I was told it was 
nothing at all, that I had nothing to do with the 
man's death, that he had a strangulated hernia, 
and had been vomiting all night anyway, and 
that sort of thing happened frequently and I had 
better forget about it and go on with the Medical 
School. I went on with the Medical School but 
have never forgotten about it. 


HARVEY CUSHING 


It is evident that these episodes had a profound effect 
on Cushing and probably contributed to his interest 
in making anesthesia a safer specialty. 

Harvey Williams Cushing was born in Cleveland, 
Ohio, on April 8, 1869, the son of a doctor. After 
graduation from the Central High School in 1887, he 
entered Yale College and distinguished himself in both 
academia and athletics, obtaining his BA degree in 
June 1891. Despite several pleas by Russell Chitten- 
den, Professor of Physiological Chemistry, for Cush- 
ing to remain at Yale, he decided to follow in his 
brother’s footsteps and enter Harvard Medical School; 
he took up his place in September 1891. On June 26, 
1895, he received the degrees of MD and AM cum laude. 

It was during his second year as a medical student 
that Cushing gave that first fateful anesthetic. After 
this unfortunate episode, he and Ernest Amory Cod- 
man, a classmate, resolved that they would improve 
their technique of administering ether. Cushing sug- 
gested (2) that "in order to make a game of the task 
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before us we made a wager of a dinner as to whọ 
could learn to give the best anaesthesia." . 
Codman, writing later (2), recalled nothing of-the 
dinner of which Cushing spoke but remembers the 
“determination to train ourselves to be good ether- 
izers." To this end they devised the first anesthetic 
records. These “ether charts” were introduced in 1894 
and allowed both the anesthetist and the surgeon to 
follow the condition of the patient by recording pulse, 
respiration, and temperature during the operation (Fig. 
1). There was no doubt in Cushing’s mind (2) that 
“we both became very much more skillful in our jobs 
... particularly due, I think, to the detailed attention 
which we had to put upon the patient by the careful 
recording of the pulse rate throughout the operation." 
He also states (2) that careful anesthesia and record 
taking “was undoubtedly a step toward improvement 
in what had been a very casual administration of a 
dangerous drug. We do much better with ether these 
days, but even so there remains much to learn." 
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Figure 1. One of Codman's early ether 
charts, dated November 30, 1894. (By per- 
mission of Surgery, Gynecology and 
Obstetrics.) 
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In April 1895, Cushing took a locum tenens posi- 
tion at the Massachusetts General Hospital and for 
two months worked with the surgeon John Wheelock 
Elliot. During this time Cushing assisted at two op- 
erations for brain tumor, and it appears that his en- 
thusiasm for neurosurgery stems from this experi- 
ence. His internship, at the same hospital, began on 
August 1 of that year, after which he moved to Bal- 
timore to become assistant resident to William S. 
Halsted at the Johns Hopkins Hospital (Fig. 2). Halsted, 
who had also attended Yale, had moved to Baltimore 
from New York in 1886 and had become Professor of 
Surgery in 1890. 

Anesthetic practice in Baltimore was similar to that 
in Boston where medical students were called upon 
to administer anesthesia using ether cones made from 
newspaper. Cushing found it impossible to change 
this practice, and after a number of anesthetic deaths 
at the hospital in the autumn of 1897, he began to 
investigate the use of cocaine as a local anesthetic. He 


Figure 2. Harvey Cushing, age 29; photographed during his time 
at Johns Hopkins Hospital (Yale Medical Library). 
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became adept at performing nerve blocks for a num- 
ber of surgical procedures, and later published his 
observations concerning "Cocaine Anaesthesia in the 
Treatment of Certain Cases of Hernia and in Opera- 
tions for Thyroid Tumors"; this article appeared in 
the Johns Hopkins Hospital Bulletin in 1898 (3). It is 
obvious from this article that Cushing recognized the 
dangers of administering ether to those patients with 
"full stomachs" or to the elderly with respiratory or 
cardiovascular disease. Several other publications 
dealing with local anesthesia followed (4,5). These 
reports contain details of his technique of supple- 
menting cocaine anesthesia with “a few inhalations 
of chloroform—not enough, however, to make the 
patient lose consciousness. . . ." Cushing continues, 
“We may justly speak, therefore, of the method of 
anaesthesia which is employed as a  mor- 
phea-cocaine-chloroform combination, the first and 
last drugs being merely adjuvants of the local an- 
aesthetic. . . ." He further describes the role of an 
assistant in place of the anesthetist who offers "timely 
encouragement" to the patient. Cushing was almost 
certainly the originator of the term "regional anes- 
thesia" (6). Although there is little doubt that Cushing 
rekindled interest in the use of cocaine anesthesia, it 
is interesting to note that Halsted had experimented 
extensively with the drug shortly after itsintroduction 
in 1884, and had published his findings (7). However, 
Cushing claims (8) that he "was utterly unaware that 
his chief had ever made studies with cocaine of any 
Sort, so reticent was he about this particular matter 
and so little did questions of priority interest him." 

During his residency at the Johns Hopkins Hos- 
pital, Cushing remained interested in neurosurgery, 
and in July 1900 he began 14 months of travelling in 
Europe visiting many eminent neurologists and 
neurosurgeons. While in Berne, under the direction 
of Theodore Kocher, his experiments led to the find- 
ing that an increase in intracranial pressure was as- 
sociated with a reflex increase in the arterial blood 
pressure; this later became known as the Cushing 
reflex (9). 

Shortly after concluding his work in Switzerland, 
Cushing visited the Ospidale di St. Matteo in Pavia 
where he found that a simple, “home-made” adap- 
tation of Scipione Riva-Rocci's blood pressure device 
was in routine daily use by the bedside of every pa- 
tient. He quickly sketched a diagram of the apparatus; 
this drawing can be found in his diary dated May 5, 
1901 (Fig. 3). On his return to Baltimore in September 
of that year, Cushing almost immediately developed 
a new anesthesia chart (Fig. 4), and insisted that blood 
pressure should be recorded during all major oper- 
ations. His first publications relating to the subject of 
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blood pressure appeared in September 1902 (10) and 
March 1903 (11). In the former article, Cushing pre- 
sented data to show that cocaine applied to major 
nerve trunks could prevent the shock often associated 
with limb amputation. Cushing, therefore, shared 
similar views with George Crile, whose experiments 
had stimulated Cushing's work on the subject. On 
January 19, 1903, he presented a paper to a special 
meeting at the Boston Medical Library. The talk was 
titled “The Clinical Value of Blood Pressure Obser- 
vation," and, as a result of this reading, the Harvard 
Medical School distributed a circular to all members 
of the Department of Surgery requesting that a com- 
mittee be formed to consider the “importance of blood 


Figure 3. Sketch of Riva-Rocci’s blood 
pressure apparatus from an entry in 
Cushing’s diary dated May 6, 1901 (Yale 
Medical Library). 


pressure determinations." After many meetings of 
this committee and a great deal of deliberation, it was 
eventually decided that "the skilled finger was of much 
greater value clinically for determination of the state 
of the circulation than any pneumatic instrument" 
(1,p214). Despite this decision, and possibly due, in 
part, to the publication of George Crile's monograph 
"Blood Pressure in Surgery" (12), clinicians through- 
out the country began to record blood pressure during 
surgical procedures. Cushing, therefore, must be given 
a great deal of credit for the introduction and ac- 
ceptance of blood pressure determinations into Amer- 
ica. An amusing anecdote from this period appears 
in Fulton's biography of Cushing (1,p216). During a 
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Figure 4. Cushing's original blood pres- 


sure chart with comments by its designer. 
It was introduced into practice in 1902 (Yale 


Medical Library). 
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the services of Dr. S. Griffith Davis to administer anes- 
thesia for him. Private patients paid for the service 
for public patients Cushing paid Davis out of his own 


i 
tense moment in an operation, an inexperienced stu- 


dent nurse, who was substituting as an anesthetist, 
was suddenly told to take a pressure reading. A few 


In 1912, Harvery Cushing was appointed Surgeon- 
in-Chief to the newly opened Peter Bent Brigham 
Hospital in Boston and as Professor of Surgery at 


in America of a surgeon employing another physician 
Harvard. He continued to employ the services of a 


pocket (13). This is one of the first recorded instances 
exclusively for the provision of anesthesia. 


fa 


an anesthetist. Halsted believed that 


minutes later, Cushing felt something tugging at his 
trouser leg only to find that the nurse was putting 
Cushing’s reservation concerning the administra- 
tion of ether by medical students was still apparent 
at this time; this is illustrated by his adoption o 
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regular anesthetist, Dr. Walter Boothby. Boothby was 
anesthetist at that hospital. In May 1917 


Cushing was Surgeon-in-Chief of the American Ex- 


by replaced in 1916 by Gertrude Gerrard 


the “cone and struggle” method was inappropriate 


of ether was an essential part of an 
for neurosurgical operations. He therefore employed 


intern’s training, but Cushing felt that anesthesia 


the administering 
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peditionary Base Hospital Number 5 in Boulogne, with 
Gerrard as anesthetist. She was also a member of his 
surgical team at an advance hospital in Belgium and, 
for her services there, she was decorated with the 
British Royal Red Cross. 

On Cushing’s return to private practice at Harvard, 
he continued to excel in the practice of neurosurgery, 
performing over 2000 craniotomies. On November 5, 
1932, he performed his last operation—the removal 
of a highly vascular meningioma from a physician's 
daughter—and shortly after retired from Harvard. In 
1933 he accepted the nonclinical post of Sterling Pro- 
fessor of Neurology at Yale, a position that he occu- 
pied until his death on October 7, 1939. 

Harvey Williams Cushing will always be remem- 
bered for his pioneering work in the field of neuro- 
surgery, but his contribution to the early days of anes- 
thesia should not be forgotten. 


The authors wish to thank Dr. Ferenc Gyorgyey and Ms. Susan 
Alon of the Yale Medical History Library for their considerable 
patience and assistance during the preparation of this article, and 
Ms. Linda Shiffrin for her secretarial help. 
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Review Article 





An Appreciation of the Coronary Circulation 


Dhun H. Sethna, MD, and Emerson A. Moffitt, MD 


Management of patients with coronary artery disease, 
including those with previous myocardial infarctions, 
is an integral aspect of most anesthetic practices. 
Anesthesiologists who are not involved in anesthesia 
for cardiac surgery must occasionally handle coronary 
patients having other surgical interventions. A work- 
ing understanding of the coronary circulation is hence 
necessary. 

This review presents information, not related to 
anesthesia, in order to provide an appreciation of the 
coronary circulation. A succeeding article, to be pub- 
lished in next month’s Anesthesia and Analgesia, relates 
the effects of anesthesia and anesthetic drugs on the 
coronary circulation and myocardial oxygenation in 
patients with coronary artery disease. 


Anatomy 


The human coronary arteries are conduit and capac- 
itance vessels that usually deliver 90-180 ml/min of 
blood to the myocardium at a mean pressure of 90 
mm Hg. The arteries arise from the aortic root, and 
subdivide into branches that run epicardially over the 
heart surface. The intramural blood supply, particu- 
larly of the thick-walled left ventricle, is provided by 
branches that supply the outer one-third of the myo- 
cardium, and by vessels that arise at right angles from 
these epicardial arteries and penetrate directly through 
the myocardium to form a subendocardial plexus (23). 
The total blood volume in all left ventricular coronary 
vessels is estimated at 6-15 ml/100 g left ventricular 
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mass, of which less than 5% is present in epicardial 
arteries and veins (62). 

Anatomical variation of the coronary arteries among 
species may account for differences in results of ex- 
perimental studies. In humans, as in swine, rats, and 
nonhuman primates, the left anterior descending ar- 
tery and its diagonal branches usually supply a larger 
mass of myocardium than the circumflex (17). In dogs, 
however, the circumflex artery supplies the largest 
mass of cardiac muscle (67). The first septal perforator 
artery in dogs lies very proximally, and supplies 12% 
of the left ventricular mass. Thus cannulation of the 
left main coronary artery in dogs during experiments 
has a higher potential of occluding the orifice of this 
vessel with resultant septal ischemia (67). 

In humans, the coronary sinus, which empties into 
the right atrium, receives blood from 96% of veins 
from the left ventricular free wall and septum (38). 
However, 17% of its venous drainage arises from other 
structures. In 0.2% of normal subjects, and in 2% of 
patients with atrial septal defects, an anomalous left 
superior vena cava connects with the coronary sinus 
(26). Veins from the inferior or posterior left ventricle 
may empty separately into the right atrium, or may 
enter the last 2 cm of the coronary sinus where ad- 
mixture with blood reflux from the right atrium can 
occur. In dogs, prominent interconnections are pres- 
ent between large coronary veins, so that blood drain- 
ing from any specific vein does not contain effluent 
that arises exclusively from the apparent drainage field 
of the vessel (31). 

The coronary arteries receive innervation through 
bilateral vagal (parasympathetic) fibers from the car- 
diac plexus at the base of the aorta and sympathetic 
nerves that, for vessels of the left ventricle, arise from 
the left stellate ganglion (19). Abundant afferent nerve 
fibers travel with the sympathetic and parasympa- 
thetic nerves (12). In anesthetized dogs, intravascular 
infusion of norepinephrine or electrical stimulation of 
sympathetic nerves can increase the resistance of large 
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coronary arteries by an average of 60%; small vessels, 
however, respond mainly to the increased metabo- 
lism of surrounding myocardium (40). The physio- 
logic role of vagal innervation remains unclear—pre- 
synaptic inhibition of release of norepinephrine from 
adrenergic nerve terminals by parasympathetic nerves 
may contribute to coronary vasodilation (46). 


Measurement of Coronary Blood Flow 
in Humans 


Because coronary flow varies within the left ventricle, 
flow measurement techniques must be able to take 
into account the wide distribution of local flows inev- 
itably included in whatever single value is determined 
by the technique. 

Mean steady-state left ventricular blood flow 
(“coronary blood flow”) has been estimated in anes- 
thetized patients by thermodilution or argon clear- 
ance. Thermodilution involves infusion of crystalloid 
at room temperature at an adequate rate (40 ml/min) 
for a limited time (20-40 sec) through an insulated 
catheter (25). The catheter is introduced into the right 
atrium percutaneously through the right internal jug- 
ular vein, and then directed, with fluoroscopy, into 
the coronary sinus. Hence it is the coronary venous 
(coronary sinus) blood flow that is measured. Coro- 
nary arterial and venous flows are assumed equal and 
constant during measurement times. The extent of 
left ventricular perfusion represented in the mea- 
surement is the portion of myocardial drainage en- 
tering the coronary venous system upstream to the 
flow measurement catheter. Results may be influ- 
enced by catheter position, arrhythmias, intrapleural 
pressure changes, reflux of right atrial blood into the 
coronary sinus, catheter displacement, and factors that 
may alter the temperature of coronary sinus blood 
(e.g., alterations in cardiac work, or pharmacologic 
vasodilation) (52,75,78). The frequency response of 
the system is rapid (2-3 sec), allowing flow changes 
to be detected at short time intervals. Excellent cor- 
relations exist between thermodilution flow and ac- 
tual flow (timed venous collection) in animals with 
normal coronary arteries (25). 

Argon is an inert gas with minimal blood solubility 
and virtually no recirculation and is completely elim- 
inated in one passage through the lung (41,66). The 
inhaled gas is transported through the pulmonary 
venous blood to the arterial circulation. Arterial and 
coronary sinus blood argon concentrations are mea- 
sured simultaneously by gas chromatography using 
radial artery and coronary sinus cannulation. The in- 
tegrated difference between arterial and coronary si- 


ANESTH ANALG 295 
1986;65:294--305 


nus blood is proportional to coronary flow per unit 
tissue weight. It is assumed that coronary arterial and 
venous flows are constant and equal during mea- 
surement times (which can take up to 20 min), that 
the myocardium is homogeneously perfused, that tis- 
sue concentration of argon equals venous (coronary 
sinus) concentration, and that limitation of wash-in 
and wash-out of argon from vessel to tissue is flow, 
not diffusion. The method has been validated for 
coronary blood flow rates of less than 200 ml-min~’- 
100^! g (43,64). Compared to thermodilution, the fre- 
quency response of the system is slow (5-30 min). 
The argon method measures flow per unit mass but 
can yield absolute flows if ventricular mass is mea- 
sured by echocardiography or angiography. Results 
are less accurate with nonhomogeneous than with 
homogeneous myocardial flows. 

A limitation of both techniques is that a regional 
disease (coronary artery disease) is being evaluated 
by a global method (coronary sinus blood flow). Com- 
parison of thermodilution values for flow with values 
of flow per unit weight are difficult without knowl- 
edge of left ventricular mass. Both methods estimate 
average steady-state flow only for the left ventricle 
and do not record phasic patterns of myocardial per- 
fusion. Positron emission tomography and comput- 
erized x-ray tomography may allow more precise es- 
timates of transmural myocardial perfusion in humans 
(68,76). 


Phasic Coronary Blood Flow 
Epicardial Arteries 


The heart is unique among organs in that cardiac con- 
traction that propels blood to the arteries also impedes 
perfusion of the myocardium. Cardiac contraction tends 
to reduce myocardial flow during systole, so that un- 
der normal conditions, 70-85% of coronary flow oc- 
curs during diastole (30). This phasic character of 
coronary blood flow can be examined in epicardial 
arteries by electromagnetic or ultrasonic flow meters, 
Because flow meters are applied to epicardial coro- 
nary arteries, they reflect flow patterns predomi- 
nantly in these extramural vessels. Flow in the left 
coronary artery decreases abruptly at the onset of iso- 
volumetric contraction and then later increases some- 
what in systole (Fig. 1). Flow increases markedly dur- 
ing isovolumetric relaxation, peaks early in diastole, 
and then decreases slowly along with the decline in 
aortic pressure until the onset of the next systole. 
Thus phasic myocardial perfusion results from its de- _ 
pendence on phasic aortic pressure, and from 

compression of intramural coronary vessels by con- 
tracting myocardium. In dogs, right ventricular and 
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Figure 1. Comparison of phasic coronary blood flow in the left and 
right coronary arteries in relation to aortic blood pressure. (Repro- 
duced by permission from R. M. Berne and M. D. Levy, Cardio- 
vascular Physiology, 2nd ed. St. Louis: Mosby, 1972.) 


atrial compressive forces are lower, and phasic flow 
in intramural right ventricular and atrial vessels is 
dominant in systole, resembling the usual flow pat- 
terns observed in peripheral arteries (79). In humans, 
however, if the right coronary artery also supplies the 
inferior wall of the left ventricle, phasic flow patterns 
in this vessel may resemble that of the left coronary 
artery with dominant flow in diastole (11). When right 
ventricular pressures are increased due to disease, 
phasic patterns of right coronary flow parallel those 
observed in the left ventricle (49). 


Intramural Arteries 


Phasic flow patterns observed in epicardial vessels 
may not accurately reflect those in intramural coro- 
nary arteries. Blood flow in systole in intramyocardial 
vessels is decreased by more than half when com- 
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pared to epicardial arteries, with mid-systolic flow 
usually being retrograde (15,16). Intramural diastolic 
flow exceeds epicardial flow by 20%. Differences in 
flow characteristics between intramyocardial and epi- 
cardial arteries have been shown to be exaggerated 
by tachycardia, coronary vasodilation, aortic regur- 
gitation, and right ventricular hypertension (15). 


Transmural Distribution of 
Myocardial Perfusion 


Transmural distribution of myocardial perfusion has 
been examined in animals using labeled microsphere 
techniques. These studies indicate that, in most awake 
animals at rest, subendocardial perfusion in both ven- 
tricles exceeds subepicardial perfusion (subendocar- 
dial/subepicardial perfusion ratio: 1.1-1.4 : 1) (36). 
This may reflect a transmural heterogeneity of vas- 
cular tone or a greater density of subendocardial vas- 
culature (3,49), or may result from the greater wall 
stress, oxygen consumption, and metabolic activity 
present in the subendocardium (3,34). Tomographic 
thallium 201 scintigrams and "NH; distribution stud- 
ies in humans, however, suggest that transmural blood 
flow in humans may be more homogeneous (68,76). 


Systolic Phase of Transmural Flow 


When only the systolic phase of transmural flow is 
examined by the myocardial uptake of radioactive ions 
such as Rb that are introduced into the coronary 
circulation, itis found that flow in subepicardial layers 
of the left ventricle is approximately twice that in the 
subendocardium (30). Some perfusion is always pres- 
ent in all layers of the myocardium in systole. This 
transmural flow gradient reflects a transmural intra- 
myocardial pressure gradient during systole, which 
can be measured by small intramyocardial balloons 
or pressure sensitive needles (1,73). Systolic extra- 
vascular forces compressing intramural coronary ar- 


^ teries have a dual origin: physical compression, and 


shearing forces resulting from myocardial shortening 
that cause twisting of vascular channels as the heart 
contracts (21). Shearing forces are believed to be dis- 
tributed evenly across the ventricular wall. Thus to 
explain. the transmural flow gradient, physical 
compression must be greater in the subendocardium 
during systole. Most measurement techniques have 
found subendocardial intramyocardial systolic pres- 
sures to equal or exceed left ventricular cavitary pres- 
sures, whereas subepicardial pressures are below si- 
multaneously measured aortic pressures (9,15). Under 
basal conditions, total extravascular compression ac- 
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counts for about 10-25% of the resistance to coronary 
flow (21,72). 

The contribution of systolic contraction to overall 
coronary resistance is not significantly altered after 
administration of isoproterenol, norepinephrine, or 
epinephrine—when the effects of these agents on heart 
rate are prevented (47). The impact of extravascular 
compressive forces is substantially magnified during 
coronary vasodilation (51) and may play an important 
role in modulating myocardial perfusion during is- 
chemia when endogenous metabolites produce dila- 
tion of resistance vessels. 


Diastolic Phase of Transmural Flow 


Because coronary flow distribution during a cardiac 
cycle is uniform or slightly greater in the subendo- 
cardium than in the subepicardium under normal 
conditions, the reduced systolic subendocardial flow 
must be compensated for by an increase in suben- 
docardial flow during diastole. Blood flow in diastole 
is normally controlled by the vasomotor activity of 
coronary resistance vessels, and intramyocardial pres- 
sures normally appear to have little effect on diastolic 
transmural distribution of myocardial blood flow. Un- 
der conditions of reduced coronary perfusion pres- 
sures or low pressures distal to an area of coronary 
stenosis, however, diastolic intramyocardial pres- 
sures may assume importance in determining the 
quantity and distribution of myocardial blood flow. 
Flow is predominantly to the subendocardium dur- 
ing diastole. The ability of the heart to augment sub- 
endocardial blood flow during diastole may be related 
to active coronary vasodilation and to an anatomic 
gradient of vascularity that exists across the left ven- 
tricular wall, with greater vascular density in the sub- 
endocardium than in the subepicardium (2,20,81). 
During maximal coronary vasodilation at normal heart 
rates, the anatomic gradient of vascular density fa- 
voring blood flow to the subendocardium during di- 
astole appears adequate to compensate for the un- 
derperfusion of the subendocardium that occurs during 
systole (2,20,81). However, active coronary vasomo- 
tion is required to adjust the relative subendocar- 
dial/subepicardial resistances in order to compensate 
for alterations in diastolic and systolic time intervals 
that occur with increased or changing heart rates. 
With intact coronary vasomotor tone, pacing has been 
shown to increase mean myocardial blood flow in 
response to increasing myocardial oxygen consump- 
tion, despite the relative increase in time spent in 
systole with increasing heart rates; and overall trans- 
mural myocardial perfusion remained uniform at all 
pacing rates (28). These observations suggest that va- 
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somotor adjustments not only increase mean myo- 
cardial blood flow to meet increasing metabolic de- 
mands during increasing heart rates, but also'that 
autoregulation, the process by which resistance ves- 
sels adjust coronary blood flow over a wide range of 
perfusion pressures, additionally adjusts diastolic 
subendocardial resistance relative to subepicardial re- 
sistance in order to compensate for the decreasing 
time in diastole available for subendocardial perfu- 
sion. When active coronary vasomotion is abolished 
by administration of adenosine, increasing pacing rates 
are associated with progressive decreases in suben- 
docardial blood flow in proportion to rate-dependent 
decreases in the diastolic interval, confirming the im- 
portance of local vasomotor activity in maintaining 
uniform transmural myocardial perfusion during 
changes in heart rate. 


The DPTI/SPTI Ratio 


An index described to predict transmural distribution 
of myocardial perfusion is the DPTI/SPTI ratio (DPTI 
being the diastolic pressure time index and SPTI the 
systolic pressure time index) (36,37). Conceptually, 
SPTI relates to the myocardial oxygen demand, and 
DPTI reflects myocardial oxygen supply (coronary 
blood flow), which is delivered primarily during di- 
astole. Labeled microsphere studies in anesthetized 
dogs demonstrate a linear relation between DPTI/SPTI 
ratios of less than 0.8 and measured subendocar- 
dial/subepicardial flow ratios over a wide range of 
hemodynamic interventions (37). This index, how- 
ever, is useful only after maximal vasodilation has 
occurred, and coronary reserve is exhausted. Recent 
studies indicate that drugs, neural stimuli, and car- 
diac hypertrophy alter transmural perfusion before 
coronary reserve is exhausted, thus limiting the utility 
of this index (79). Further, the index does not account 
for effects of inertial factors confined mainly to larger 
arteries where velocities are significant, coronary ca- 
pacitance effects related to vessel elasticity, and blood 
viscosity (37,79). 


Hemodynamics of Coronary Blood Flow 


The physical factors that determine laminar flow of 
Newtonian fluids through rigid tubes are expressed 
in the Poiseuille equation: 


AP 77 
8 Ly 


where AP = pressure gradient, r = radius of tube, 
L = length of tube, and s = fluid viscosity. The Poi- 





Laminar flow = 
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seuille relationship provides a convenient expression 
of hempdynamic concepts in clinical practice, even 
‘though blood, because of the cells present in the 
plasma, is a non-Newtonian fluid flowing through 
compliant blood vessels in which flow is frequently 
turbulent. In the coronary arteries, the length of the 
vessel and, under normal conditions, blood viscosity 
are constant, so that the primary physical factor con- 
trolling coronary blood flow is the fourth power of 
the radius of coronary resistance vessels. 

Klocke has conveniently described total coronary 
resistance as the sum of three time-dependent func- 
tional components in the subendocardium and sub- 
epicardium, with each component playing a varying 
role during systole and diastole (41). The components 
are categorized as follows: basal viscous resistance, 
which is the impedance to flow offered by the entire 
coronary bed during diastole when fully dilated—it 
is the minimal possible resistance; autoregulatory re- 
sistance, which is due to tonic contraction of vascular 
smooth muscle—it is normally the major component 
of resistance; compressive resistance, which repre- 
sents the increase in resistance due to compression 
of intramural coronary vessels by intramyocardial 
pressure—it is of importance during systole. Viscous 
resistance is therefore a relatively static factor on which 
the more dynamic autoregulatory and compressive 
resistances are superimposed. 

Whereas accurate measurements of coronary vas- 
cular resistance can be obtained in studies measuring 
phasic and transmural coronary blood flow, the va- 
lidity of calculated values may be less certain in pa- 
tients when based on measurements of mean coro- 
nary blood flow. Such calculations, although frequently 
used, disregard the potential contributions of extra- 
vascular compressive forces, coronary capacitance, and 
tissue back-pressure. 


Coronary Flow Reserve 


Coronary pressure-flow relations have been studied 
in perfused hearts in which coronary perfusion pres- 
sure can be varied, while left ventricular work and 
oxygen consumption are kept stable (53). Under these 
conditions, rapid alterations in coronary vascular re- 
sistance maintain a constant blood flow over a wide 
range of perfusion pressures (60-130 mm Hg) (Fig. 
2). Coronary autoregulation (the process by which 
resistance vessels adjust coronary blood flow to fluc- 
tuating metabolic activity of local myocardium) is more 
effective in the subepicardiumy; the autoregulatory ca- 
pacity of the subendocardium is exhausted before that 
of the subepicardium (8,79). Myogenic, neurohu- 
moral, and metabolic mechanisms for autoregulation 
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Figure 2. Graphic representation of coronary pressure-flow rela- 
tionships in normal left ventricle showing baseline (autoregulatory) 
flow (A) and maximal vasodilation (B) to illustrate the concept of 
coronary reserve. R, and Rz represent coronary flow reserves at 
two mean coronary perfusion pressures. Maximal vasodilation may 
be produced by infusion of vasodilators like adenosine, ATP, or 
dipyridamole, or by producing a maximal reactive hyperemic re- 
sponse to a 20-sec occlusion of a coronary artery. (See references 
7,35,50.) 


have been described; adenosine, and possibly carbon 
dioxide, currently are regarded as important metab- 
olites controlling autoregulation (7). 

It has been shown with the same experimental 
models that the pressure-flow relationship during 
maximal coronary vasodilation is approximately lin- 
ear (35) (Fig. 2). The difference between mean basal 
coronary flow and maximal coronary flow constitutes 
a coronary vascular flow reserve that can be called 
upon to satisfy accelerating flow demands, and is ap- 
proximately sixfold in humans and experimental an- 
imals. Coronary reserve indicates the total cross- 
sectional area of the coronary resistance vessels and 
what might happen during maximum stress, pro- 
vided that interfering factors such as heart rate, con- 
tractility, end-diastolic pressure, and blood viscosity 
are held constant. The value is also critically depen- 
dent on perfusion pressure. Coronary reserve is re- 
duced by polycythemia, coronary artery disease, 
pressure or volume overload hypertrophy, increased 
contractility, tachycardia, and large increases in left 
ventricular diastolic pressure (35). Conversely, a de- 
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crease in contractility may increase maximal flows and 
decrease resting flows, thereby increasing coronary 
reserve. 

Coronary flow reserve cannot be represented by a 
single value because of its dependence on perfusion 
pressure, and ideally should be measured at different 
perfusion pressures. However, because it is difficult 
to examine coronary flow in patients during autoreg- 
ulation and maximal vasodilation over a range of per- 
fusing pressures, reported studies have used only one 
perfusion pressure. Estimation of coronary flow re- 
serve requires the ability to detect rapid, transient 
changes in flow. This can be achieved by catheter tip 
ultrasonic velocity meters placed in a coronary artery, 
or ultrasonic velocity meters placed on a coronary 
artery at surgery (35,50). Results have been expressed 
as the absolute or the relative coronary flow reserve 
(maximal flow divided by resting flow). 

When perfusion pressure is below the lower end 
of the autoregulatory range, flow becomes dependent 
on mechanical factors, including duration of diastole 
and the perfusion pressure. Subendocardial flow be- 
comes inadequate for metabolic needs when diastole 
is severely compromised by reduced diastolic pres- 
sure or abbreviation of diastole. 


Critical Closing Pressure: Zero-Flow Pressure 


Recently investigators have related simultaneous 
coronary flow and perfusion pressure measurements 
obtained during prolonged diastoles (6,45). Repeated, 
simultaneous measurements during a single diastole 
permit construction of pressure—flow curves (Fig. 3), 
which show that myocardial perfusion virtually ceases 
when coronary artery pressures decrease below a crit- 
ical value (called zero-flow pressure: P_,). This absence 
of flow implies that coronary arterial pressure must 
be balanced with a back-pressure, most likely arising 
within the myocardium. Hence this analysis suggests 
that coronary pressure—flow relations must consider 
myocardial back-pressure as well as coronary vascular 
resistance. Myocardial back-pressure represents a 
summation of forces that tend to collapse microves- 
sels: tissue pressure, vessel tone and elasticity, and 
surface tension. Myocardial tissue pressure, in turn, 
reflects intracavitary pressures (particularly within 
subendocardial layers) and marked elevations of ve- 
nous pressures. 

When no antegrade flow is detected by a flowmeter 
over a proximal coronary artery, the pressure meas- 
ured in a distal segment of the same artery is pre- 
sumed to be the P... If flow were present in the distal 
segment from collateral vessels or because of capac- 
itance in the coronary arteries, the values assumed to 
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Figure 3. Graphic representation of coronary pressure-flow rela- 
tionships during a single, long diastole. Long diastoles are achieved 
by the arrest of pacing in animals with atrioventricular block, or 
by vagally induced sinus node arrest. Coronary flow is recorded 
with a flowmeter placed on an epicardial artery, and pressure is 
measured simultaneously in the same artery (or in the aortic root). 
The inset shows a graphic plot of simultaneous pressure and flow 
measurements obtained during the long diastole (solid line). Linear 
extrapolation of this relation to the abscissa indicates the pressure 
at which flow through the artery is zero (zero-flow pressure: P.). 
The slope of the line is the reciprocal of coronary vascular resist- 
ance. The value of P; would alter with changes in slope (see ref- 
erences 6,44,45,59). 


represent zero-flow would be erroneously high. Dogs, 
which have an extensive collateral circulation, have 
P, values that are very high (up to 30 mm Hg), and 
well above coronary sinus or right atrial pressures 
(6,22,45). If the P, values in humans were as high, 
aortic mean diastolic pressures near this level would 
not provide sufficient driving pressures to maintain 
adequate coronary flow. In contrast, swine, which 
have a coronary circulation more comparable to that 
of humans, have P, values of 7-12 mm Hg, which 
are close to right atrial pressures (59). This low P, is 
beneficial in maintaining flow at lower coronary artery 
perfusion pressures. In addition, increases in heart 
rate, short-term elevations in left ventricular and coro- 
nary arterial systolic pressures, or autonomic block- 
ade, appear not to alter P; values in swine (59). Zero- 
flow pressures as currently described are based on 
measurements in epicardial arteries and may not re- 
flect pressure—flow relations within the myocardium. 

The clinical significance of P, lies in calculations of 
coronary vascular resistance. If the effective back- 
pressure to coronary flow is not coronary venous 
(coronary sinus) pressure, but rather P,., then coro- 
nary driving pressure would equal mean aortic pres- 
sure minus zero-flow pressure, instead of mean aortic 
pressure minus coronary sinus pressure. Most re- 
ported values of coronary resistance may need to be 
reconsidered because of a probable overestimate of 
coronary driving pressure, even when measured flows 
were methodologically secure. Although investiga- 
tions have supported the concept that coronary flow 
is influenced by a back-pressure that exceeds coronary 
venous pressure, left ventricular diastolic pressure, 
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or both, there has been concern that this finding may 
be a methodologic peculiarity of the experimental ap- 
*proaches (44) to study it. 


Regulation of Coronary Blood Flow 
Metabolic Factors 


Myocardial oxygen consumption is the primary de- 
terminant of coronary blood flow. A linear relation 
exists between global and regional left ventricular flow 
and left ventricular oxygen consumption over a wide 
range of coronary flow rates in all species studied, 
and this coupling is a dynamic one that is continu- 
ously being adjusted. Increases in myocardial oxygen 
demand in one cardiac cycle can result in reductions 
in coronary vascular resistance and increases in coro- 
nary blood flow in the following cycle (70). Because 
of the quantitative coupling of coronary flow to myo- 
cardial oxygen demand, the interpretation of any spe- 
cific value for flow as "normal" or "abnormal" re- 
quires an ability to relate the value of flow to some 
index of myocardial metabolic demand at the time of 
measurement. 

The major determinants of myocardial oxygen 
consumptionare heartrate, myocardial wallstress, and 
contractility (10). Under basal conditions, the myocar- 
dial oxygen consumption rate is 8-10 m1-100 g ^ min ^! 
(about 70% oxygen extraction) leaving coronary 
sinus blood about 30% saturated at P0;18-20 
mm Hg. Even when arrested, the heart consumes 
considerably more oxygen (1-2 ml-100 g^ min ^?) than 
resting skeletal muscle (0.1-1.2 ml-100 g min ^ ?). In 
most situations increases in oxygen demand are met 
by augmentation of coronary blood flow, with coro- 
nary sinus oxygen saturation remaining remarkably 
constant. 


Neural Factors 


The effects of neural stimulation as an independent 
factor altering coronary blood flow in the presence of 
concomitant vasodilatory metabolic stimulation have 
been recently examined (13,54,57,61,71,74). It is well 
known that occlusion of a major coronary artery for 
several seconds results in marked coronary vasodi- 
lation (reactive hyperemia) due to accumulation of 
vasoactive metabolites. Removal of the left stellate 
ganglion in dogs, however, substantially increases the 
hyperemic response to a 10-sec occlusion (71). Similar 
responses occur after o-adrenergic blockade with 
phentolamine, thus demonstrating the ability of sym- 
pathetic vasoconstrictor tone to compete with meta- 
bolic coronary vasodilation. On a similar theme, stud- 
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ies in chronically instrumented dogs during maximal 
exercise showed that a-adrenergic blockade increases 
coronary flow to a greater extent than could be ex- 
plained by increases in myocardial oxygen demand, 
suggesting that coronary reserve is not exhausted at 
peak exercise, and that a-adrenergic vasoconstriction 
could effectively compete with increases in metabolic 
vasodilation during exercise (54). The heart does not 
contribute to the increase in plasma norepinephrine 
levels observed during severe exercise, but may ac- 
tually take up norepinephrine, implying increased 
cardiac efferent fiber activity, reuptake, receptor bind- 
ing, and catecholamine metabolism during exercise 
(61). In another study, sympathetic coronary vaso- 
constriction could still be demonstrated in the pres- 
ence of coronary stenosis, implying that the vasocon- 
strictor response was not abolished by limited coronary 
flow (13). The overall evidence appears to indicate 
that vasoconstrictor tone can restrict coronary flow by 
up to 30% in the presence of potent metabolic vaso- 
dilation (74). 

Coronary vessels have sympathetic adrenergic and 
muscurinic cholinergic receptors; their density in dif- 
ferent segments of the coronary vasculature, how- 
ever, remains ill-defined. Increases in coronary vas- 
cular resistance with stellate ganglion stimulation after 
B-blockade, but not after a-blockade or prior cate- 
cholamine depletion with reserpine, indicate the pres- 
ence and function of coronary a-adrenergic receptors 
(7). Dilation by isoproterenol of the coronary vascular 
bed in potassium-arrested hearts without concomi- 
tant changes in MVO, suggests the presence of coro- 
nary B;-adrenergic receptors. The physiologic signif- 
icance of œz- and fl,-receptors in coronary vessels is 
not clear (30). There is no evidence for sympathetic 
cholinergic innervation of the coronary arteries (7). 
Vagal stimulation can elicit coronary vasodilation, but 
the effect is not great and is probably not of much 
physiologic significance (7). 


Coronary Collateral Circulation 


Collaterals are thin-walled anastomotic connections 
that exist between coronary arteries without an in- 
tervening capillary bed. They are anatomically pres- 
ent from early life, but enlarge only if the need for 
additional coronary flow exists in some region of the 
heart. Collateral vessels may occur in series, from the 
proximal to the distal portion of the same coronary 
artery, or in parallel, from one coronary artery to the 
postocclusion segment of another artery. 
Transformation of native collateral channels, in re- 
sponse to an ischemic stimulus or a pressure gradient 
between normal and occluded arteries, consists of an 
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initial rapid increase in luminal diameter to quickly 
meet increased demands for blood flow, followed by 
a more gradual architectural remodeling of the en- 
larged collateral vessel to ultimately resemble a nor- 
mal artery (65). The sudden initial widening of native 
collateral vessels results in increased wall stress with 
edema and breakage of the vessel wall. This is ac- 
companied by DNA replication with reparative mi- 
totic activity observed in fibroblasts, endothelial cells, 
and smooth muscle cells. After 1~2 weeks, the vessel 
becomes a larger (up to an eightfold luminal increase), 
thicker-walled channel, and reaches near maximal 
functional capacity within 4 weeks. Six to 12 months 
after coronary occlusion, collateral vessels may resem- 
ble normal coronary arteries of similar size. Collaterals 
regress when coronary circulation is restored. 

In dogs, collateral flow after acute coronary occlu- 
sion ranges between 8-36% of normal coronary flow 
(65). With gradual, severe (90%) stenosis, well-de- 
veloped collateral flow in dogs may equal normal 
coronary blood flow, suggesting that resistance through 
collateral beds need not be excessive. Native collat- 
erals generally show modest responsiveness to vaso- 
dilators and other drugs (15,28). The influence of 
vasodilators is more consistent and pronounced in 
collaterals from hearts with chronic occlusive lesions 
(15,28). 


Coronary Steal 


Proximal stenosis of a coronary artery usually results 
in compensatory reductions of distal vascular resist- 
ance (vasodilation) in an attempt to maintain normal 
coronary blood flow (42,56). In addition, perfusion to 
a potentially ischemic distal bed can occur via collat- 
erals arising from an adjacent channel. Any stimulus 
for coronary arteriolar vasodilation will increase flow 
in normally perfused areas that are capable of 
undergoing vasodilation ("nonischemic bed"), but will 
have little effect in collateral-dependent areas where 
arteriolar dilation is already present ("ischemic bed") 
(Fig. 4). Dilation of the nonischemic bed (Fig. 4) can 
result in diversion of blood flow from R; by collateral 
vessels ("coronary steal") if, and only if, R; is flow- 
limiting. If perfusion pressure is maintained at the 
origin of collaterals, regardless of the magnitude of 
flow delivery, no steal is possible. Thus a necessary 
condition for steal is excessive resistance or a stenotic 
branch proximal to the origin of collateral vessels re- 
sulting in a decrease in local perfusion pressure, thereby 
decreasing perfusion pressure available at the takeoff 
of the collateral channels (5). Because of the well- 
known dependency of coronary collateral flow on per- 
fusion pressure, this reduction of pressure would be 
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Figure 4. Diagrammatic representation of the phenomenon of coro- 
nary steal. Dilation of the "nonischemic" bed can result in diversion 
of flow from R, by collaterals only if R; is flow-limiting; e.g., mild 
proximal stenosis. Because collateral flow is pressure-dependent, 
reduction of pressure at Ry would reduce collateral perfusion and, 
eventually, could reverse flow (R, to R;: coronary steal). Coronary 
steal will not be possible if a significant obstruction is present at 
R, (see references 5,15,29). 


expected to reduce collateral perfusion and, perhaps, 
reverse it (R, to Rz in Fig. 4). Although it has been 
proposed that a pressure decrease sufficient to cause 
coronary steal during arteriolar vasodilation requires 
a proximal stenotic lesion in the artery supplying the 
collateral channels, investigators have demonstrated 
that if sufficiently intense arteriolar vasodilation is 
produced, collateral flow may decrease even in the 
absence of such proximal stenoses (15,60). 

It has also been proposed that in order for coronary 
steal to occur the intercoronary collateral system must 
be poorly developed so that resistance to flow resides 
within the collateral channels, thereby requiring max- 
imal or near maximal vasodilation of arterioles in col- 
lateral-dependent myocardium during basal condi- 
tions (15,39). If a well-developed collateral system in 
which the collateral vessels have characteristics re- 
sembling normal arteries is present, then the major 
resistance to blood flow is not in the collateral chan- 
nels but at the level of the arterioles within the col- 
lateralized myocardium, so that coronary steal would 
be much less likely to occur in response to arteriolar 
vasodilation (39). l 
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oubstantial experimental data support the concept 
of coronary steal. Studies of regional myocardial blood 
flow in animals with occlusion of a major coronary 
. artery have demonstrated that vasodilators that act 
principally at the arteriolar level, including isopro- 
terenol, dipyridimole, adenosine, and nitroprusside, 
markedly increase blood flow in normally perfused 
areas of the myocardium, but have the potential for 
decreasing flow in collateral-dependent areas (14,18, 
24,80). In contrast, an agent like nitroglycerin, with 
potent dilator influence on collateral channels, might 
produce a balanced increase in flow or might direct 
flow selectively towards potentially ischemic regions 
(29). Hence coronary vasodilator properties do not 


necessarily imply an ability to augment coronary per- ° 


fusion in a useful manner. 

Extrapolation of findings in experimental animals 
to humans is complicated by important differences 
among species in collateral circulation and by an in- 
ability to model human coronary artery disease ade- 
quately (79). In dogs, collateral vessels are normally 
well-developed and located in the epicardium. In 
swine, few collaterals can be demonstrated, and sheep 
have none. It has been proposed that because swine 
have minimal collateral circulation, as do humans 
without chronic coronary artery disease, they may be 
` appropriate animals to study normal coronary phys- 
iology or the development of collateral circulation. In 
contrast, results from studies in dogs might be more 
applicable to humans with chronic coronary artery 
disease wherein variable, yet in many cases substan- 
tial, coronary collateral flow exists. 


Coronary 5tenosis 


Proximal coronary stenosis with reductions in arterial 
diameter up to 80% results in compensatory vasodi- 
lation of the distal coronary vasculature in an attempt 
to maintain normal coronary blood flow, with the 
capacity for additional vasodilation (“coronary re- 
serve”) being forfeited. The degree of coronary artery 
stenosis that elicits maximal distal vasodilation has 
been termed "critical" coronary stenosis, indicating 
that further reduction in luminal area will result in 
decreased coronary blood flow. Pressure-flow mea- 
surements across a proximal coronary stenosis show 
a nonlinear relation between stenosis resistance and 
degree of stenosis, with resistance at any given flow 
increasing substantially when stenoses exceed 5090 
internal diameter. An important change in clinical sta- 
tus can result from a small increase in severity of an 
established stenosis; conversely, a small decrease in 
stenosis severity, either static or dynamic, could have 
therapeutic benefit. Flow across coronary stenoses is 
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further influenced in an unpredictable way by the 
length of the stenosis, occurrence of discrete obstruc- 
tions in series, and loss of kinetic energy by turbu- 
lence at the exit of a stenosis. 

Reductions in coronary flow to an extent that flow 
is insufficient to meet myocardial metabolic needs are 
accompanied by redistribution of transmural myo- 
cardial perfusion, with preferential delivery of the 
limited blood supply to the subepicardium, so that 
biochemical indicators of ischemia are initially de- 
tected in the subendocardium (32). Whereas only 
10-15% of total coronary inflow occurs in systole dur- 
ing normal resting conditions, this fraction typically 
increases to 30-40% of total inflow in the presence of 
a proximal coronary stenosis (4). Several mechanisms 
may contribute to this redistribution of myocardial 
blood flow (15,63). It has been proposed that in the 
presence of marked reductions in diastolic perfusion 
pressure that may occur distal to a coronary stenosis, 
diastolic intramyocardial tissue pressures, which are 
greater in the subendocardium than the subepicar- 
dium, may act to impede diastolic subendocardial blood 
flow. Further, maximal distal coronary vasodilation 
(no coronary reserve) results in loss of ability of the 
coronary microvasculature to produce dynamic ad- 
justments of subendocardial vascular resistance rel- 
ative to subepicardial resistance, particularly when 
diastole is abbreviated by changes in heart rate (2). 


Metabolic Indices of 
Myocardial Ischemia 


Cardiac muscle has a versatile appetite, with adeno- 
sine triphosphate (ATP) being generated from many 
available substrates (glucose, fatty acids, ketone bod- 
ies, lactate, pyruvate, and amino acids) (33,55,48). 
The heart utilizes whichever substrate is presented to 
it in the highest concentration. Fatty acids are oxi- 
dized in preference to carbohydrates and usually ac- 
count for 60-70% of oxidative metabolism. With is- 
chemia, oxidative phosphorylation decreases as use 
of fatty acids is inhibited. Glucose transport increases 
and anaerobic glycolysis now predominates as the 
source of ATP production. Glycogen stores are de- 
pleted rapidly; with prolonged ischemia, the rate of 
ATP production by glycolysis is insufficient to main- 
tain normal tissue levels of creatine phosphate and 
ATP. Irreversible myocardial changes, manifested as 
a depleted adenine nucleotide pool and structural mi- 
tochondrial changes, generally occur after 40-60 min 
of complete ischemia. 

Under normal, aerobic conditions, the healthy heart 
consumes lactate, converting it to pyruvate as a sub- 
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strate for mitochondrial oxidative metabolism. How- 
ever, ischemia inhibits oxidative metabolism and, thus, 
less lactate is converted to pyruvate. Compounding 
the inhibition of lactate utilization is ischemia-induced 
transient stimulation of anaerobic glycolysis and, con- 
sequently, pyruvate production. The reduced capac- 
ity for pyruvate oxidation leads to its accumulation 
and conversion to lactate that accumulates in and leaks 
from the cell. Thus early ischemic damage may be 
characterized by a transition from lactate uptake to 
lactate production (69,77). 

Lactate, with H*, K*, PO,, inosine, and hypoxan- 
thine can predictably be found to leak from ischemic 
myocardium, and can be sampled from the coronary 
vein draining the ischemic area (58). Sampling at the 
coronary sinus, however, causes dilution of these me- 
tabolites because of the much larger volume of blood 
draining nonischemic muscle, resulting in a great loss 
of sensitivity and value. Ischemia in one portion of 
the heart may not be reflected by either sampling or 
flow measures in the coronary sinus. 

The normal myocardium uses lactate in proportion 
to the arterial concentration. Investigators frequently 
report the percentage of lactate extraction, with less 
than 10% extraction constituting evidence of ischemia 
(77). It is desirable to measure lactate extraction rather 
than lactate uptake, because low arterial lactate levels 
will result in low coronary arteriovenous differences 
without necessarily indicating the presence of anaer- 
obic metabolism. Recently, Gertz et al., using a tracer 
method, showed that myocardial lactate metabolism 
is heterogeneous at rest in patients with coronary ar- 
tery disease—a significant amount of lactate can be 
released by the myocardium at a time when chemical 
arterial-coronary sinus analysis indicates global ex- 
traction (27). 


Summary 


Coronary sinus catheter techniques for evaluation of 
coronary flow and myocardial metabolism have the 
drawback that a global sampling method is used to 
evaluate a regional disease (coronary artery disease). 
otudies on the coronary circulation are further limited 
by the fact that interventions acting on the coronary 
bed may simultaneously modify several of the prin- 
cipal determinants of coronary blood flow. Results are 
also influenced by differences among species, and 
whether the coronary vascular bed is normal or path- 
ologically narrowed. Because coronary flow is inti- 
mately coupled to myocardial oxygen demand, inter- 
pretation of values as abnormal require simultaneous 
evaluation of some index of myocardial oxygen 
consumption. 
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Under normal conditions, myocardial flow is pre- 
dominantly in diastole, and is subject to compromise 
by factors that abbreviate diastole (e.g., tachyarrhyth- 
mias). Autoregulation maintains constant coronary 
blood flow over a range of perfusion pressures (60-130 
mm Hg), and increased flow demands are normally 
met by coronary vasodilation (coronary flow reserve). 
In proximal coronary stenosis, this capacity for ad- 
ditional vasodilation may be significantly reduced, and 
flow to potentially ischemic beds beyond the stenosis 
may be maintained by collaterals. Pharmacologic 
coronary vasodilation in this situation can result in 
coronary steal. When perfusion pressure decreases 
below the autoregulatory range, or when coronary 
flow reserve is exhausted early, as in coronary ste- 
nosis, flow becomes dependent on mechanical factors 
including duration of diastole and the perfusion pres- 
sure. In these situations, monitoring heart rate and 
diastolic pressure would allow reasonable assessment 
of adequacy of coronary flow and myocardial perfusion. 
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Clinical Reports 


Leukotrienes in Pulmonary Edema Fluid after 


Cardiopulmonary Bypass 


Barry N. Swerdlow, MD, Frederick G. Mihm, mp, Edward J. Goetz], MD, and 


Michael A. Matthay, MD 


Leukotrienes are a class of potent mediators of hy- 
persensitivity and inflammation generated by the 5- 
lipoxygenation of arachidonic acid and the further 
addition of polar substituents. Evidence for their role 
in producing and amplifying inflammatory responses 
in a variety of immunopathologic situations is accu- 
mulating, although clinical studies in humans are lim- 
ited. The development of specific and sensitive ra- 
dioimmunoassays has allowed detection of elevated 
concentrations of leukotrienes in several disease states 
including asthma (1), cystic fibrosis (2), neonatal hy- 
poxemia with pulmonary hypertension (3), and, re- 
cently, the adult respiratory distress syndrome 
(ARDS)(4). The following case report describes an ep- 
isode of pulmonary edema after cardiopulmonary by- 
pass (CPB) that was associated with markedly ele- 
vated leukotriene levels in the edema fluid. 


Case Report 


A 67-year-old man with aortic stenosis, three-vessel 
coronary artery disease, and good left ventricular 
function, underwent aortic valve replacement and 
coronary artery bypass grafting with fentanyl, pan- 
curonium, enflurane, and nitrous oxide anesthesia. 
Aortic cross clamp time was 68 min and nonpulsatile 
CPB time was 139 min (Cobe 4 roller head CPB ma- 
chine). At the termination of CPB, protamine sulfate, 
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50 mg, was administered intravenously. There were 
no significant hemodynamic alterations throughout 
the operation. Shortly before leaving the operating 
room, the patient received two units of fresh frozen 
plasma in addition to three units of cell-saver blood. 

Upon arrival in the intensive care unit (approxi- 
mately 75 min after CPB), the patient's rectal tem- 
perature was 35.9°C, heart rate 67 beats/min (sinus 
rhythm), mean arterial pressure (MAP) 62 mm Hg, 
and central venous pressure 6 mm Hg (Table 1). A 
chest radiograph demonstrated a pattern consistent 
with diffuse pulmonary edema, and arterial blood gas 
tensions with an Flo, of 0.7 included a Po; of 53 
mm Hg. Approximately one hr later, the MAP de- 
creased to 40 mm Hg unassociated with a temperature 
change. The patient's hypotension was initially un- 
responsive to both aggressive volume administra- 
tion—4 units of whole blood, 4 units of fresh frozen 
plasma, and 6 L of crystalloid—as well as vasopres- 
sors (calcium chloride, dopamine, and epinephrine). 
After 45 min the MAP increased to 60-65 mm Hg. A 
pulmonary artery catheter, which had been inserted 
after volume resuscitation, showed no significant el- 
evation of right or left heart filling pressures but a 
high cardiac output of 6.7 L/min (by thermodilution). 
Calculated pulmonary vascular and systemic vascular 
resistances were both low (Table 1). 

During this period of hypotension, the patient de- 
veloped diffuse inspiratory and expiratory wheezes, 
and approximately 500 ml of frothy edema fluid was 
suctioned from the endotracheal tube. Samples of 
edema fluid were collected by suctioning with a soft 
plastic catheter, and a radial arterial blood sample was 
obtained concurrently. The edema fluid had a total 
protein content of 4.2 g/dl, which was 87% of the 
concentration in the plasma of the arterial sample. 
The albumin content of the edema fluid was 2.9 g/dl 
or 100% of the venous plasma albumin concentration. 
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Table 1. Time Course of Adult Respiratory 
Distress Syndrome 











Day 1 Day 2 
Time 1200 1300 1345 0800 
Flo, 0.7 1.0 1.0 0.6 
PEEP 5 12.5 12:5 10 
Po; 53 36 45 100 
MAP 62 40 65 79 
CVP 6 8 10 15 
PAP — — 21 25 
PCWP — — 17 20 
CO — — 6.7 4.8 
SVR — — 657 1000 
PVR — — 48 83 


Abbreviations: PEEP, positive end-expiratory pressure (cm H,O); MAP, 
mean arterial pressure (mm Hg); CVP, central venous pressure (mm Hg); 
PAP, mean pulmonary artery pressure (mm Hg); PCWP, pulmonary capillary 
wedge pressure (mm Hg); CO, cardiac output (L/min); SVR, systemic vas- 
cular resistance (dyne-sec/cm?); PVR, pulmonary vascular resistance (dyne- 
sec/cm?). i 


Both these values are consistent with a marked in- 
crease in alveolar—capillary permeability characteristic 
of ARDS (5). Edema fluid Jeukotriene D4 and B4 levels 
were determined by radioimmunoassay, as described 
previously, employing rabbit antisera of high speci- 
ficity (4). D4 and B4 levels were markedly elevated at 
43 and 10 pmol/ml, respectively. 

The patient's clinical condition gradually improved 
over the next 24 hr with stabilization of hemody- 
namics and improvement in oxygenation. Over the 
subsequent 3 days the patient underwent a diuresis 
and was successfully extubated. He was discharged 
on the twelfth hospital day. 


Discussion 


Leukotrienes have been shown to possess properties 
consistent with a major role as mediators of inflam- 
mation (6). Cysteine-containing leukotrienes includ- 
ing D4 are potent bronchoconstrictors with prefer- 
ential effects on peripheral airways in animals and in 
humans. Furthermore, they have been demonstrated 
to increase vascular permeability at much lower con- 
centrations than histamine. Leukotriene B4 released 
from alveolar macrophages and other leukocytes serves 
as a potent chemotactic factor for blood neutrophils 
in vitro and in vivo and stimulates neutrophil adhe- 
sion to endothelial cells with subsequent degranula- 
tion, enzyme release, and superoxide generation (6). 

Elevated levels of leukotriene D4 in pulmonary 
edema fluid in a group of ten patients with noncar- 
diogenic pulmonary edema have recently been re- 
ported (4). In contrast, levels of leukotriene B4 were 
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elevated in only five of these ten patients with ARDS. 
None of the patients in that study developed ARDS 
after cardiopulmonary bypass. In the present case; 
levels of both leukotriene D4 and B4 in pulmonary 
edema fluid were elevated at 43 and 10 pmol/ml, re- 
spectively, as contrasted with levels of leukotriene D4 
and B4 of 4.4 + 1.1 pmol/ml and 5.5 + 2.8 pmol/ml 
(mean + SD) in pulmonary edema fluid of patients 
with cardiogenic pulmonary edema (4). The high level 
of leukotriene D4 in the edema fluid of our patient is 
two times greater than values in any of the patients 
with ARDS previously reported. The elevated leu- 
kotriene B4 levelis in the upper range of values found 
in some of the patients with ARDS of other etiologies 
(4). In the previously reported study (4), the level of 
leukotriene D4 in pulmonary edema fluid was sig- 
nificantly associated with the degree of increased vas- 
cular permeability as measured by the concentration 
of albumin in the edema fluid. This suggests the pos- 
sibility of a primary causative relationship between 
leukotriene D4 and the alveolar-capillary leak, and 
indeed intravenous leukotriene D4 administered to 
dogs has been shown to produce noncardiogenic pul- 
monary edema (7). 

The etiology of the pulmonary edema in the pres- 
ent case is not known. Although no wedge pressure 
was recorded prior to volume resuscitation, the mean 
wedge value of 17 mm Hg after rapid infusion of 9 L 
of fluid over 45 min, together with the markedly ele- 
vated protein and albumin content of the edema fluid, 
suggest that an alveolar-capillary leak was likely in- 
volved. This condition may have been related either 
to a hypersensitivity reaction to fresh frozen plasma 
or to the effects of extracorporeal circulation on plasma 
mediators of inflammation. Cardiopulmonary bypass 
has been shown to increase peripheral arterial plasma 
levels of thromboxane, prostaglandin F1, and com- 
plement (8), and to alter the pulmonary extraction of 
prostaglandin El, norepinephrine, and 5-hydroxy- 
tryptamine as measured in pulmonary artery and left 
atrial blood samples (9). Several of these latter sub- 
stances may potentiate the effects of leukotrienes on 
vascular permeability (6), although the direct effects 
of CPB on leukotriene extraction have not been 
examined. 

The above findings allow for speculation concern- 
ing the use of inhibitors of the lipoxygenase pathway 
in arachidonic metabolism in the prevention and ther- 
apy of ARDS. The role of steroids as inhibitors of 
arachidonic acid metabolism in this context remains 
controversial (10,11). Use of specific leukotriene in- 
hibitors, however, has shown considerable promise 
in prevention of anaphylactic responses in bronchi of 
atopic patients, as well as in vivo with asthmatic mon- 
keys (6). Similar therapeutic trials have not yet been 


308 ANESTH ANALG 
1986;65:306-8 


conducted in experimental models of increased lung 
vascular, permeability. 

* This case report presents the finding of high levels 
of leukotrienes in the pulmonary edema fluid of a 
patient after cardiopulmonary bypass. The data pre- 
sented are consistent with data from other studies and 
have important clinical implications. 
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Herpes Zoster and Reflex Sympathetic Dystrophy 


Kenneth R. Grosslight, MD, John C. Rowlingson, MD, R. William Boaden, MB 


Reflex sympathetic dystrophy (RSD) is a common dis- 
order occurring after several conditions, including even 
minor trauma (1). Reports of RSD associated with 
herpes zoster infection are quite rare in the literature 
(2). We report on an 80-yr-old female who developed 
this syndrome after an attack of herpes zoster. 


Case Report 


The patient presented to our Pain Management Cen- 
ter with a 4-month history of left arm pain, hyper- 
esthesia, and decreased mobility of the left wrist and 
hand joints. Her medical history included a chronic 
seizure disorder (petit mal type) that was well con- 
trolled with phenytoin, 100 mg, three times a day, 
and phenobarbital, 30 mg, once a day, and mild de- 
generative joint disease involving both hands treated 
with ibuprofen, 800 mg alternating with 400 mg, four 
times daily. 

The patient reported that 4 months previously she 
had noted onset of burning pain in her left neck, 
shoulder, arm, and hand which was followed by the 
appearance of large vesicular eruptions over this same 
distribution. The disability involving her limb was 
initiated with this episode. She was admitted to her 
local hospital for 2 weeks where herpes zoster in- 
volving the C-7,8 and T-1 dermatomes was diag- 
nosed. During that period she started a 21-day course 
of prednisone therapy with gradually decreasing doses. 
Initially she also received pentazocine, 50 mg every 
8 hr, for control of pain. Later she used acetamino- 
phen with codeine, 30 mg as needed, with some relief 
of her discomfort. 

As the herpes zoster infection resolved, she re- 
ported that her arm became progressively more pain- 
ful and her fingers gradually became flexed into a tight 
closed-fist position. The patient had to support her 
left arm while walking and to rest it on a pillow when 
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sitting or supine. The weight of the bed sheets caused 
her discomfort when they touched her hand. She re- 
ported that her hand had been swollen during her 
hospital stay and that the clenched fist posturing of 
her hand receded only to be replaced by inflexible 
extension of the digits. 

Two months after onset of the herpes infection, 
therapy consisting of nadolol and transdermal nitro- 
glycerin was initiated for hypertension and symptoms 
that could be attributed to coronary artery disease. 
Within 2 weeks she developed congestive heart fail- 
ure and mild pulmonary edema. The nadolol was 
discontinued, and furosemide, 20 mg twice a day, was 
begun. 

Evaluation in our pain center revealed a patient 
with a swollen, pale, cyanotic left forearm and hand 
that were both protected with a towel. The skin was 
glossy, the skin and nails were dystrophic in ap- 
pearance and the venous architecture of the left hand 
was diminished compared to the right hand. Inter- 
osseus muscle wasting was obvious, the fingers were 
in extension, and the patient was barely able to move 
her digits. The hand was unduly sensitive to light 
touch. The skin temperature of the thumb was 2.4°C 
higher on the affected hand than on the contralateral 
hand (skin temperature can be higher or lower than 
the unaffected side (3)), and forearm circumference 
was 3 cm less. A diagnosis of reflex sympathetic dys- 
trophy was made and presumed to be secondary to 
her recent, painful herpes zoster infection. 

Initial therapy consisted of blocks of the left stellate 
ganglion every other day for 2 weeks (6 injections) 
using 6 ml of 0.25% bupivacaine. Immediately after 
each stellate block, the patient had physical therapy 
from a specially trained hand therapist. The stellate 
ganglion blocks produced little measurable change in 
the temperature of her hand but caused a Horner's 
syndrome each time. There was a marked improve- 
ment in the patient's hand discomfort associated with 
an increase in the range of motion of the fingers so 
that she was able to manifest movement of her fingers 
from full extension to a half-closed fist position. Hand 
color improved, and there was a return to normal 
venous architecture after two stellate ganglion blocks. 
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The bupivacaine blocks provided approximately 8 hr 
of painsrelief, plus noticeable changes in skin color 
"and joint range in motion in the affected area. Prior 
to each stellate block, progressive clinical improve- 
ment was noted by the patient and those caring for 
her in the pain center. At present she has full range 
of motion in her fingers, grip strength is improving, 
and she is starting to use her hand in daily activities 
for the first time in months. 


Discussion 


Reflex sympathetic dystrophy (RSD) is a debilitating 
and painful condition most commonly affecting but 
not limited to the upper or lower extremities. This 
syndrome is characterized by one or more of the fol- 
lowing symptoms: 1) pain, often described as burn- 
ing, and tenderness in the affected limb; 2) hyper- 
esthesia; 3) swelling of the extremity; 4) vasomotor 
instability, typically manifest by temperature and skin 
color changes (the skin temperature has been re- 
ported to be either higher or lower on the unaffected 
side); 5) dystrophic skin changes; 6) osteoporotic bone 
changes, called Sudeck’s atrophy; 7) limitation of joint 
movement with subsequent pericapsular fibrosis; and 
8) muscle atrophy (1,3,4). 

The etiology and pathophysiology of RSD remain 
unclear. Trauma appears to be a predisposing factor 
in the majority of cases (5), though the history of an 
inciting event is not always elicited. The severity of 
the injury does not necessarily correlate with the se- 
verity of the syndrome. RSD has also been reported 
in association with myocardial infarction, stroke, 
thromboembolic phenomenon, infection, cervical os- 
teoarthritis, and other conditions. In a study of 140 
patients with RSD, no causative factor could be iden- 
tified in 15% of the patients (1). 

Most commonly, treatment of RSD has consisted 
of sympathetic ganglion block and physical therapy. 
Other therapies have included 8-blockade with pro- 
pranolol (2), intravenous regional block with reser- 
pine or guanethidine (6,7), stellate block in combi- 
nation with systemic steroids (8), transcutaneous nerve 
stimulation (9), and oral nifedipine (10). 

Reports of herpes zoster associated with onset of 
RSD are rare in the literature. Visitsunthorn and Prete 
reported a case of RSD involving the lower extremity 
4 weeks after an outbreak of herpes zoster involving 
the S-1 dermatome (2). Dramatic improvement in their 
patient’s symptoms was reported after 1 week of pro- 
pranolol therapy initiated 6 weeks after the onset of 
leg discomfort. Interestingly, our patient reported no 
change in her RSD symptoms with the 2-week trial 
of B-blockade therapy for hypertension. Those who 
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believe propranolol may improve RSD propose that 
by blocking the increased sympathetic nerve activity 
at the peripheral arteries and veins propranolol may 
relieve symptoms and cause the condition to regress. 

Postherpetic neuralgia is a possible contributing 
factor in the symptoms of RSD in our patient. Colding 
speculated that the herpetic infection in the sympa- 
thetic ganglion increased the resting tone of the sym- 
pathetic nerves and this in turn caused a regional 
vasoconstriction of the tissue (11). He reported a se- 
ries of 67 patients with postherpetic neuralgia, 5096 
of whom showed improvement with repetitive sym- 
pathetic blocks. 

This case illustrates several of the prominent fea- 
tures of RSD and suggests that RSD may occur after 
herpes zoster infection. The role of postherpetic neu- 
ralgia in the development of this syndrome is not yet 
clear. Our patient appeared to be unresponsive to a 
short course of B-blockade and oral steroids, but im- 
proved with repetitive stellate ganglion blocks fol- 
lowed by aggressive physical therapy on an outpa- 
tient basis and continued at home. 

The present case also serves as a reminder that 
patients presenting for consultation and treatment of 
RSD or postherpetic neuralgia may have symptoms 
of both diseases. Whereas sympathetic blocks are usu- 
ally effective in the management of RSD, their use in 
postherpetic neuralgia may be associated with dimin- 
ishing effectiveness since the neuralgic symptoms often 
persist for long periods of time. Thus sympathetic 
blocks may be of diagnostic value when such patients 
present for evaluation. Ordinarily patients with RSD 
will show progressive improvement with serial blocks, 
as did our patient, whereas those with postherpetic 
neuralgia may continue to complain of intractable pain 
and hyperesthesia until other, more effective therapy 
is initiated. 
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Unilateral Hearing Loss after Spinal Anesthesia Treated with 


Epidural Blood Patch 


Chong M. Lee, MD, and Frederick A. Peachman, MD 


We report a case of acute onset of unilateral hearing 
loss after spinal anesthesia, which was successfully 
treated by means of an epidural blood patch. 


Case Report 


A 27-year-old female was admitted to the hospital for 
a repeat cesarean section. Past medical history was 
unremarkable, and physical examination and labo- 
ratory studies were essentially normal. There were no 
complications associated with pregnancy. She was 
scheduled for an elective cesarean section under spinal 
anesthesia. Approximately 1500 ml of Ringer’s lactate 
solution was administered for prehydration. Lumbar 
puncture was performed without difficulty, employ- 
ing a 25-gauge spinal needle. Spinal anesthesia was 
induced by the intrathecal injection of 8 mg tetracaine 
in 10% dextrose in water. During the surgical pro- 
cedure an additional 1000 ml of Ringer's lactate so- 
lution was administered. Vital signs remained nor- 
mal. Surgery was finished without incident. Estimated 
blood loss was 600 ml. The patient recovered from 
spinal anesthesia within 4 hr without apparent resid- 
ual blockade. 

On the second postoperative day she complained 
of a complete loss of hearing in her left ear. The hear- 
ing loss appeared to be postural. Conservative mea- 
sures such as bed rest and fluid intake were instituted 
as well as psychological reassurance. On the fourth 
postoperative day, the hearing impairment persisted, 
and it was associated with dizziness and nausea. 

A bedside hearing test disclosed a probable con- 
duction defect in the low frequency range. The patient 
agreed to an epidural blood patch. Ten milliliters au- 
tologous blood was injected into the epidural space 
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at the site of the previous lumbar puncture. Shortly 
after the blood patch was performed the hearing be- 
gan to improve, and she recovered completely and 
permanently from the hearing loss about 1 hr later. 
The rest of the hospital course was uneventful. She 
was discharged without further complications 7 days 
after the operation and 3 days after the epidural blood 
patch. 


Discussion 


Vandam and Dripps (1) reported a 0.4% incidence of 
auditory complications occurring after spinal anes- 
thesia. The auditory difficulties included decreased 
hearing, obstruction, plugging, popping, tinnitus, 
buzzing, and roaring. With few exceptions, these 
symptoms were associated with typical postural 
headache. One might assume that the auditory com- 
plications were secondary to a decreased cerebrospi- 
nal fluid pressure after lumbar puncture. It is known 
that there is an anatomical communication between 
the cochlea and the subarachnoid space through the 
cochlear canal. The perilymph that occupies the peri- 
lymphatic space in the cochlea resembles cerebrospi- 
nal fluid closely in its composition. 

Hughson (2) demonstrated that a decrease in cere- 
brospinal fluid pressure is associated with a decreáse 
in intralabyrinthine pressure followed by a functional 
inability of the ear to transmit high tones. Hence a 
decrease in cerebrospinal fluid pressure must be im- 
plicated for the hearing loss in the present case. The 
epidural blood patch could be an effective therapeutic 
measure for the auditory complications after spinal 
anesthesia as described in this case report, the first 
we have been able to find on this subject in the 
literature. 
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Letters to the Editor 


Naloxone—Morphine Synergism: 
Support for Dual System Hypothesis 
of Pain Perception 


To the Editor: 


We read with interest the recent paper by Dailey et al. on 
the use of a combination of intravenous naloxone and in- 
trathecal morphine for pain control during labor (1). The 
area of particular interest to us in this paper refers to Figure 
3 where the pain relief after intrathecal morphine was re- 
corded for the subsequent 8 hr in both naloxone and saline 
control groups by independent investigators. The histo- 
grams portrayed show that initially and for the next 4 hr 
the control saline group demonstrated better pain relief than 
the naloxone group. However, from the fifth to the seventh 
hour, inclusive, less pain was apparently experienced by 
the naloxone group, whereas at the eighth hour both groups 
showed similar degrees of analgesia. It would therefore 
appear that the combination of morphine and naloxone not 
only provided better analgesia but that this analgesia began 
5 hr after administration of the morphine. This unexpected 
analgesia produced by a pure opioid antagonist (at the low 
doses used) (2) and after the considerable time lag is not 
further commented on by these authors other than to say 
that naloxone did not diminish the morphine analgesia. We 
feel these findings are significant enough to require addi- 
tional explanation. 

This apparent paradoxical synergism between morphine 
and naloxone with regard to analgesia may not be such an 
unusual phenomenon because buprenorphine, a partial ag- 
onist, has similar synergistic effects when combined with 
either naltrexone (3) or naloxone (4). 

We have also shown a similar synergistic analgesic effect 
of naloxone when combined with either other nitrous oxide 
(5) or other opioids (e.g., morphine (6)). 

Previously, we have developed a hypothesis (dual sys- 
tem hypothesis of pain perception) in which we attempt to 
explain these paradoxical findings on the basis of the ex- 
istence of two opposing opioid systems, one analgesic, the 
other hyperalgesic (5-8). The existence of a hyperalgesic 
opioid system has been demonstrated experimentally by 
Wu et al. in the pontine medullary area (9). 
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In the work of Dailey et al. (1), initially the naloxone 
would have tended to inhibit the morphine analgesia at the 
spinal cord level, whereas some hours later, the morphine 
would have had time to diffuse to the brain, at which point 
synergism is shown between naloxone and morphine (see 
Fig. 3 of Dailey et al. (1)). On the basis of our hypothesis, 
involving differential sensitivities to naloxone of the two 
opposing opioid systems, it would appear that the hyper- 
algesic system was now depressed relative to the analgesic 
system, thereby reinforcing the action of morphine. The 
fact that the morphine required some time to diffuse up- 
ward to the brain is consistent with the observed period of 
analgesia (5-8 hr) and is borne out by the finding that nau- 
sea and vomiting occurred around this period (1). 


M. A. Gillman, BDS, MSc, DSc 


F. J. Lichtigfeld, MB, BCh, BSc 
South African Brain Research Institute 
Suite 9, Highlands House 

173 Louis Botha Avenue 

Orange Grove 2192 

Johannesburg, South Africa 
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Diazepam and Free Plasma 
- Bupivacaine Concentration 


To the Editor: 


I wish to bring to the attention of your readers some con- 
tradictory statements in the report by Denson et al. (The 
influence of diazepam on the serum protein binding of bu- 
pivacaine at normal and acidic pH. Anesth Analg 
1984;63:980—4). 

The authors have concluded that the administration of 
diazepam during a toxic reaction to bupivacaine would not 
be expected to alter free bupivacaine concentration. At the 
same time they speculate that diazepam displaces bupiva- 
caine from substantial tissue stores, that is to say, the vol- 
ume of distribution (Vd) of bupivacaine is reduced. 

We know that 


Amount of drug in body 
NOS Ds 
Concentration in blood 


Or 


Amount of drug in body 
Vd 


One can clearly see that for a constant amount of drug 
in the body, reducing the volume of distribution will au- 
tomatically increase the concentration of drug in the blood. 
If applied to the case of bupivacaine, an increase in free 
plasma bupivacaine concentration (assuming that plasma 
protein binding of bupivacaine is unchanged) would be 
expected on displacement of bupivacaine from the tissues. 
This possible outcome seems quite incompatible with the 
authors' statement, "thus, administration of diazepam dur- 
ing a toxic reaction would not be expected to alter free 
bupivacaine concentration." 

The authors may wish to comment on this apparent 
contradiction. 


D. Burke 
The Royal Women's Hospital 
Melbourne, Australia 


Concentration in blood = 


In Response 


Although Dr. Burke's statements with regard to Vd are 
correct, the apparently contradictory statements to which 
he refers were misinterpreted, perhaps due to taking the 
statements out of the sequence in which they were origi- 
nally presented. 

The primary purpose of our study, as stated in the in- 
troduction, was to determine the influence of diazepam on 
the serum protein binding of bupivacaine. With this in mind, 
no alterations in free bupivacaine concentrations were ob- 
served in the presence of diazepam, leading us to the con- 
clusion, "thus, administration of diazepam during a toxic 
reaction to bupivacaine would not be expected to alter free 
bupivacaine concentration". We anticipated the reader would 
restrict this conclusion to a displacement from serum pro- 
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tein binding sites because this was all that was determined 
in this study. 

A secondary goal of our study was to attempt to explain 
the reported decrease in elimination half-life of bupivacaine 
in the presence of diazepam described by Giasi et al. (1). 
As noted in our original paper, half-life is a secondary pa- 
rameter dependent on total clearance and volume of dis- 
tribution, as shown in the following equation: 


0.693 x Vd 
CL ` 


It is readily apparent that the reduction in half-life can 
be explained by either an increase in clearance or a decrease 
in volume of distribution. Because clearance for bupivacaine 
is proportional to the free fraction of drug in blood, and 
because no alteration in free drug concentrations were ob- 
served, one would presume coadministration of diazepam 
would not alter bupivacaine clearance. Therefore the re- 
maining possibility to explain the results of Giasi et al., as 
stated in the last paragraph in the paper, is a reduction in 
the volume of distribution. This led to our suggestion that 
perhaps diazepam would displace bupivacaine from tis- 
sues, reducing the volume of distribution, resulting in an 
increase in total concentration as well as a transient increase 
in free concentration, as illustrated by Dr. Burke. As stated 
in our paper, a significant displacement of bupivacaine from 
tissues could be of clinical significance. We also stated in 
our manuscript that this was beyond the scope of the study 
being reported and that studies designed to address this 
hypothesis were currently in progress. 

Thus the two statements from our paper questioned by 
Dr. Burke are not incompatible when taken in the order of 
presentation. We apologize for any confusion we may have 
caused the reader. 


tin = 


Donald D. Denson, PhD 
Jane A. Myers, Ms 
Gary A. Thompson, PhD 


Dennis E. Coyle, PhD 

Department of Anesthesia 

University of Cincinnati Medical Center 
231 Bethesda Ave (ML 531) 

Cincinnati, Ohio 45267 
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Position and Spread of Spinal 
Anesthetic Solutions 


To the Editor: 


The review by Greene, "Distribution of Local Anesthetic 
Solutions within the Subarachnoid Space" (1), tables 25 fac- 
tors that can possibly influence the distribution of such 
solutions. The anatomic configuration of the spinal column 
is considered, and the work of Smith (2) is quoted to sub- 
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stantiate this influence. Unfortunately, he is misquoted. 
Smith reported a study of two groups of patients. Fifty 
received a "normal" dose of tetracaine in 596 dextrose (10-14 
mg depending on height) and were randomly allocated to 
lying supine with either the legs extended or with the legs 
flexed for 2 or 3 min after being turned from the lateral 
decubitus position. The level of block was assessed at the 
start of the surgical procedure, presumably by the author, 
who also probably administered the drug. Consequently, 
the study was not "blind," and the author's findings may 
have been influenced by his hypothesis. 

Nevertheless the findings showed that if the knees were 
kept up, and hence the lumbar lordosis was flattened, then 
a unimodal distribution of block level resulted, with a modal 
value at T9. In the patients who lay with the legs flat, a 
bimodal distribution was seen: some patients had block 
levels at 19, but more commonly the block extended to the 
T4. In these patients, therefore, the presence of the lumbar 
lordosis had resulted in a more cephalad spread of the local 
anesthetic—"'downhill" from the lumbar lordosis into the 
thoracic region. This is contrary to the statements in Greene's 
review (1) that elimination of the lordosis may increase the 
cephalad spread, and exaggeration may decrease the spread. 
Because Smith's study (2) is the only study of this topic that 
we know of, the further statements in this section of the 
review must be hypothesis only. We are presently con- 
ducting a controlled, random study of this phenomenon 
with an assessor who does not know the prior position of 
the patient. We shall report the results after analysis at the 
end of the study. If they confirm the findings of Smith, it 
is clear that many studies of hyperbaric anesthetic solutions 
for subarachnoid block may have to be reappraised because 
of the nonnormali distribution of the data. 


G. B. Drummond, FFARCS 


M. R. Logan, FFARCS 

University Department of Anaesthetics 
Royal Infirmary 

Edinburgh, Scotland EH3 9YW 
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Topical Tracheal Anesthesia can be 
Administered through a Catheter 
Attached to the Endotracheal Tube 


To the Editor: 


Care of patients requiring tracheal intubation for ventilatory 
support in the postoperative period is particularly chal- 
lenging when one wishes to minimize the amount of se- 
dation required to assure that the endotracheal tube (ETT) 
will be tolerated, especially in head trauma patients when 
assessment of the mental status is essential. Instillation of 
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a local anesthetic through the ETT to obtain topical anes- 
thesia of the trachea is often unsatisfactory. We have there- 
fore modified the currently used ETT by firmly attaching a* 
long #22 Teflon catheter with cyanoacrylate ester (a bond- 
ing substance used in dental/oral surgery) to the side of the 
existing catheter used for inflating the ETT-cuff. The distal 
tip of catheter at the proximal part of the ETT cuff is sealed, 
and six side holes spaced evenly from its union with the 
ETT to the distal end are made, each hole facing in a dif- 
ferent direction. With this extra catheter attached to the 
ETT, topical anesthesia of the entire upper airway can be 
achieved after the ETT is placed in the trachea by injecting 
a suitable amount of local anesthetic solution (4% lidocaine 
solution without preservative, 2-4 ml depending on pa- 
tient’s body weight) through the extra catheter. During pro- 
longed surgical anesthesia in head and neck surgery, topical 
tracheal anesthesia can also be a useful adjunct to general 
anesthesia, and even in certain types of short operations 
such as herniorrhaphies, where bucking or straining on ETT 
is to be avoided, excellent topical tracheal anesthesia deliv- 
ered through the catheter can reduce the irritation caused 
by the ETT in the trachea. We have used the modified 
endotracheal tube for the last 4 months in ten patients in 
the intensive care areas and during transportation of pa- 
tients. Lidocaine solution is instilled through the catheter 
at no less than 3-hr intervals. Most of the patients require 
only two-three injections in a 24-hr period. There have been 
no instances of catheter separation or toxic responses to the 
lidocaine instillation. This type of catheter has proven to us 
especially useful in minimizing tracheal irritation by ETT 
during transportation of patients. Presently we are asking 
an ETT manufacturing company to incorporate the catheter 
into the body of ETTs. 


Thomas J.K. Toung, MD 
Robert T. Donham, MD 


Chun T. Chen, MD 

Department of Anesthesiology and Critical Care Medicine 
Johns Hopkins Hospital 

Baltimore, MD 21205 


Reducing the Cost of Using 
Neuromuscular Relaxants 


To the Editor: 


Neuromuscular blocking agents are part of our anesthetic 
armamentarium. With the introduction of two new non- 
depolarizing neuromuscular relaxants, atracurium and ve- 
curonium, the cost of obtaining muscle relaxation during 
surgical procedures is skyrocketing, as recently shown by 
Aldrete and Hendricks (1). One should bear in mind, how- 
ever, that when combining two nondepolarizing agents, 
such as metocurine and pancuronium, the total amount of 
drug used may be less due to their potentiating effect (2). 
As a consequence the cost may also be less. For example, 
considering the same prices as those published (1), it can 
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Table 1. Amount of Drugs Used and Total Cost Using Three Different Techniques for Intubation in 12 Patients 








: Maintenance 
Anesthesia Eu du m Jot re): 
Patient ASA Sex Weight (kg) duration (hr) p M? 5 P M P M Cost (dollars) 
1 I F 73 3.75 1.5 6.0 — 0 0 1.5 6.0 2.80 
2 I M 69 7.17 1.4 5.6 — 0.6 2.4 2.0 8.0 3.73 
3 Hi F 75 11.42 1.5 6.0 — 2.9 11.6 4.4 17.6 8.21 
4 I F 57 1.67 0.2 0.8 100 0.4 1.6 0.6 2.4 1.35 
5 II F 82 2.17 0.2 0.8 100 0.6 2.4 0.8 3.2 1.72 
6 I F 55 4.58 0.2 0.8 100 1.5 6.0 1.7 6.8 3.40 
7 II F 85 5 — — 80 0.9 3.6 0.9 3.6 1.68 
8 II F 50 6.75 -— — 50 1:2 4.8 1.2 4.8 2.24 
9 i F 70 7 — — 60 1.8 7.2 1.8 7.2 3.36 
10 III M 204 8 — — 100 1.8 7:2 1.8 7.2 3.36 
11 II F 70 8.42 — — 40 1.8 7.2 1.8 7.2 3.36 
12 III F 50 11.17 — — 60 2:1 8.4 2 8.4 3.91 


"P, pancuronium; M, metocurine; 5, succinylcholine. 


be calculated for a 70-kg man that by using pancuronium 
and metocurine (ED;s of 0.018 and 0.072 mg/kg (2), respec- 
tively for the combination), the cost can be reduced by 66 
to 71% ($6.91 if pancuronium were used alone, $8.02 if 
metocurine were used alone, compared to $2.35 with the 
combination) for one hour of anesthesia. The experience 
- presented here with 12 patients (Table 1) shows that the 
actual cost may be even lower. Depending upon the tech- 
nique used for intubation, an 11-hr procedure requiring 
muscle relaxation may cost $8.21 if the combination was 
used without succinylcholine (patient 3) or $3.91 if succi- 
nylcholine was used for intubation (patient 12). The amounts 
of drugs used and total cost for each patient are shown in 
Table 1. By carefully titrating the maintenance dose (0.2 mg 
pancuronium and 0.8 mg metocurine) and using a periph- 
eral nerve stimulator, there may be no need to reverse the 
neuromuscular block. In fact none of the patients in the 
table required reversal. Avoiding the use of neostigmine 
and atropine will further reduce the cost of providing mus- 
cle relaxation. 


Julio C. Cruz, MD 
Department of Anesthesiology 
Medical College of Ohio 
Toledo, OH 43699 


References 


1. Aldrete JA, Hendricks PL. Cost of muscle relaxant drugs. Anesth Analg 
1985;64:943—4. 


2. Lebowitz PW, Ramsey FM, Savarese JJ, Ali HH. Potentiation of neuro- 
muscular blockade in man produced by combinations of pancuronium 
and metocurarine or pancuronium and d-tubocurarine, Anesth Analg 
1980;59:604—9. 


Intravenous Caffeine for Postdural 
Puncture Headache 


To the Editor: 


In view of recent articles (1,2) advocating the immediate 
use of epidural blood patch (EBD) for the treatment of post- 
dural puncture (PDP) headache, we feel compelled to bring 
attention to an alternative therapeutic modality. The method 


of treating PDP headache we are referring to is that of the 
intravenous administration of caffeine sodium benzoate. 
Though this method has been known to the medical profes- 
sion since the mid 1940s, it still is not in routine use, a fact 
that, in view of its effectiveness and low morbidity, we find 
bewildering. 

Caffeine sodium benzoate (CSB) in doses of 500 mg has 
been shown to alleviate PDP headache in about 70% of 
patients and has helped to reduce the degree of suffering 
in a higher proportion (3,4,5). We recommend the treatment 
of PDP headache with CSB prior to the consideration of 
EBP. In our opinion, EBP should be kept as a second line 
method and should only be used if all other regimens fail. 
Our reasons for wishing to keep EBP as a secondary alter- 
native are those mentioned in a recent publication by Craw- 
ford (6); namely, the uncertainty about the possible long- 
term sequelae of the procedure, and the more immediate 
risks of instilling autologous blood into the epidural space, 
including the risk of infection, cord compression, and a 
second dural puncture. l 

In his review of 300 cases of EBP, Crawford reports that, 
in 17 patients returning for repeat epidural analgesia after 
previous EBP, approximately one quarter failed to get initial 
satisfactory analgesia. Furthermore, in one case a possible 
mechanical obstruction was thought to be present. This 
latter case, together with another recent case reported by 
Rainbird and Pfitzner (7), and an earlier similar personal 
experience (APJ), suggests that instilling autologous blood 
into the epidural space may not be as innocuous as it is said 
to be, something many neurosurgeons have been saying 
for a long time. 

The protocol under evaluation by our institution pro- 
vides for the rehydration of patients with PDP headaches 
with 2 L of intravenous fluid, the first of which contains 
500 mg CSB. This is given over 1 hr, the second liter fol- 
lowing over the subsequent 2 hr. The patient's headache is 
reevaluated after this course of treatment. If cured or im- 
proved so much that there is no request for further treat- 
ment, then the patient is discharged. If the first CSB course 
is insufficient, then, following a 4-hr interval, a second course 
of CSB is given (repeat of the first), and again patients are 
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discharged if pain free. If, however, the second course of 
CSB proves ineffective, patients are then offered autologous 
EBP. In our experience to date, out of eighteen patients the 
first or second dose of CSB relieved PDP headache in ap- 
proximately 75% of cases (14 out of 18), thus making the 
routine use of EBP as an initial treatment unnecessary. 
Assuming the final results of our ongoing study show a 
similar success rate, we believe a significant proportion of 
patients who develop PDP headache can be safely treated 
with a more conservative approach, thus eliminating the 
potential morbidity of autologous epidural blood patching. 


A. P. Jarvis, MBBCh, FFARCS 
J. W. Greenawalt, MD 


L. Fagraeus, MD, PhD 

Department of Anesthesiology 

University of Oklahoma College of Medicine 
Oklahoma City, OK 73104 
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Thoughts on Spinal Anesthesia 
Failures from a 
Non-Teaching Hospital 


To the Editor: 


I was interested in the statistics quoted by Levy et al. (Anesth 
Analg 1985;64:705—10) on failed spinal anesthetics in a uni- 
versity hospital. They speculate about the many possible 
causes for a 17% failure rate, defined as the need to add 
inhalation anesthesia to the block. They mention the ab- 
sence of data from nonteaching hospitals and wonder if the 
high failure rate might even be due to unknown, inherent, 
technical factors. 

I practise in a large HMO on the West Coast with a group 
of nine anesthesiologists and 19 CRNAs. The MDs do all 
the spinal anesthetics. As part of my recent task of peer 
review, I have access to the pertinent data for our hospital. 
In the months of April and May this year, we did 137 spinal 
anesthetics. By the criteria of Levy et al., we had seven 
failed spinals for a 5% failure rate, so I cannot believe that 
a high failure rate is inherent in the technique. Several 
thoughts do, however, come to mind. 


Their study mentioned 100 consecutive spinals done over 
a one year period. Does that mean that there were 
only about 100 spinal anesthetics done over that time? 
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That, it seems to me, is far too few for residents to 
become expert. 


Almost half of the spinals were done with #22-gauge’ 
needles. Again, this suggests lack of experience as a 
cause for failure. Expert wielders of the spinal needle 
almost uniformly use #25- or #26-gauge needles. 


The study did not mention the source of tetracaine used. 
Failure rates go up when the commercially prepared 
trays are used close to the date of expiration. 


A brief analysis of our seven failures is interesting. One 
failure was in an elderly man in whom free flow of CSF 
was obtained yet no block ensued. The same sequence had 
occurred during his previous spinal attempt a month before. 

One failure was due, I believe, to an inadequate dose of 
tetracaine. One was a technical failure to obtain any CSF at 
all, and one was failure to get a free flow of CSF. The 
remaining three failures to obtain a block were done by the 
most recent and least experienced member of our group. 

Levy et al. are correct in saying that it is critical to get 
freely flowing CSF before and after injection of drugs. This 
is a more meaningful sign when using a #25-gauge needle. 
I have almost never failed to get a solid block when I get 
back free flow through a #25 needle. I think that the larger 
bevel of the #22 needle can be half in and half out of the 
dura mater, thus giving a false impression of complete in- 
trathecal placement. 

However, I believe that the most important factors in 
reducing the failure rate are practice and more practice, and 
being very particular about the small details of midline 
placement and free CSF flow. | 


Mary C. O'Keeffe, MD 
Kaiser Foundation Hospital 
Oakland, California 94611 


In Response: 


We thank you for the opportunity you have given us to 
respond to several points raised by Dr. O'Keeffe. We begin 
the letter by answering the valid question raised by 100 
consecutive spinals in the third paragraph. 

Our study selected one hundred consecutive spinal an- 
esthetic procedures covering the 2-month period from March 
to April 1983. However, as we noted, if patients had re- 
ceived more than one spinal anesthetic, only the first one 
was included in the study. In 1983 we performed 675 spinal 
procedures out of a total of about 9500 anesthetic proce- 
dures, or about 36 spinals per resident per year. We agree 
with Dr. O'Keeffe that 36 spinals per resident per year is 
certainly far too few for residents to become experts. 

Most of the disposable spinal trays used at the time pro- 
vided only #25-gauge needles, and it is conceivable that in 
many of these patients the anesthesia residents attempted 
at first to use #25-gauge spinal needles. However, when 
these initial attempts failed to locate the subarachnoid space 
there was a tendency for residents or attending anesthe- 
siologists to switch to #22-gauge needles. In any case, our 
data, and the data of Moore (1) did not demonstrate a dif- 
ference in the failure rate based on needle size. 

Only rarely in today's practice is failure to produce anes- 
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thesia the result of an injection of local anesthetics which 
are no longer pharmacologically active (2). At the time of 
this study we used a commercially available solution of 
tetracaine in a 1% isobaric isotonic solution. There was no 
failure reported that included the use of an outdated spinal 
tray. Members of our Equipment Committee monitor sup- 
plies and regularly discard commercially prepared trays from 
our storage rooms as trays near the expiration date. On the 
other hand, because some trays are discarded, others might 
be supplied to the operating room near the expiration date 
to make sure they are used, as part of normal stock rotation. 

In a recent study Van Deripe and Yim (3) examined the 
source of tetracaine as an important variable in the effec- 
tiveness of spinal anesthesia. These authors tested 1% tet- 
racaine ampuls for local anesthetic activity and toxicity after 
about 10 months storage and failed to relate spinal anes- 
thetic failures, delayed and/or incomplete anesthesia, or 
postspinal paraplegias to the use of partially hydrolyzed or 
“crystal containing” solutions. Thus this study does not 
support the statement by Dr. O’Keeffe that “failure rates 
go up when commercially prepared trays are used close to 
the date of expiration.” 

Before our data can be compared with data from other, 
nonteaching hospitals, a clear definition of failure of spinal 
anesthesia is in order. Failure of spinal anesthesia is defined 
in our paper as the need to add inhalation anesthesia to the 
block primarily for the relief of persistent pain from what- 
ever cause and to control associated restlessness and move- 
ments. This includes cases of complete failure; partial, in- 
complete, or unilateral anesthesia; and short or delayed 
anesthesia. In the cases described as failures, the spinal 
anesthesia 1) was insufficient to permit operation to begin, 
2) it failed to produce anesthesia for the usually expected 
time period, or 3) it wore off before the surgical procedure 
could be completed. 

Since we published our study, we have continued to 
search for causes of failure in these 17 subjects and made 
new observations in many other patients undergoing spinal 
anesthesia at this institution. The problems we frequently 
encounter that lead to failure are usually subtle in nature. 
Three most common situations with a single-dose spinal 
failure are as follows: 1) partial or no analgesia after an 
apparently satisfactory block due to technical reasons; 2) 
inappropriate selection of agents resulting in duration of 
analgesia shorter than the duration of surgery; and 3) in- 
appropriate selection of the technique due to improper peri- 
operative planning. We plan to submit this study describing 
causes and mechanisms of failure of spinal anesthesia in a 
university hospital (Part II) at a future date. 

Our study examined the relationship between the failure 
rate and the experience of the practitioner. We saw no dif- 
ference in the failure rate between first-year residents, sec- 
ond-year residents, and attending anesthesiologists. This 
suggested that practice in and of itself did not necessarily 
decrease the failure rate and supported our conclusion that 
poor technique, errors in judgement, and unknown tech- 
nical factors contributed to our high failure rate. On the 
other hand, if the attending anesthesiologist is only super- 
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vising and not performing the blocks routinely, his practice 
may also be suboptimal. We feel that anesthesiologists must 
obtain the proper technical skills during their residency and 
then maintain them throughout their practice lives, for 
without these skills practicing a technique incorrectly 1000 
times will not improve the failure rate and will lead to the 
abandonment of an important form of anesthesia, i.e., re- 
gional anesthesia. I am happy to see that Dr. O'Keeffe's 
incidence of failure for these 2 months was less than ours, 
but 5% is still high if regional anesthesia is to be chosen as 
opposed to general anesthesia, which has a failure of in- 
duction rate of 0%! 


J. N. Ghia, MD 
J. Levy, MD 
Department of Anesthesiology 


North Carolina Memorial Hospital 
Chapel Hill, NC 27514 


Department of Anesthesiology 
Ephrata Community Hospital 
Ephrata, PA 17522 
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Axillary Artery Compression and the 
Prone Position 


To the Editor: 


Many operative procedures require use of the prone posi- 
tion. We report a case of an unusual and potentially dan- 
gerous complication—axillary artery compression. 

A 63-yr-old, 110 kg man with a significant smoking his- 
tory was scheduled for lumbar laminectomy. General anes- 
thesia was induced, and the patient was turned and placed 
in the Georgia prone position with two large rolls to support 
the chest and pelvic area (1). The patient’s outstretched 
arms were placed cephalad on armboards parallel to the 
table. A pulse oximeter (Nellcor) was placed on the left 
index finger to monitor oxygen saturation, and a blood pres- 
sure cuff was placed on the right arm. 

After positioning, although blood pressure was stable, 
the oximeter alarm sounded, indicating low perfusion in 
the left index finger. The left brachial and radial pulses were 
found to be absent. Repositioning the left upper arm by 
adduction to a final position at a right angle to the chest 
wall resulted in restoration of pulses and accurate pulse 
oximeter readings. Review of the chest radiograph post- 
operatively showed no cervical ribs. 

Although no published reports describe such a compli- 
cation of the prone position, we feel that axillary artery 
compression can occur in the prone position if the arm is 
abducted too far at the shoulder, resulting in downward 


v4 


LETTERS TO THE EDITOR 


traction of the axillary artery by the humeral head. 
Compression can occur even in the absence of a cervical 
rib. Untoward sequelae can be easily avoided by periodi- 
cally checking the radial pulses bilaterally when this posi- 
tion is utilized. In this.case the use of the pulse oximeter 
to follow this patient’s pulmonary status facilitated imme- 
diate diagnosis. Placing the oximeter on the side opposite 
the blood pressure cuff provides one with a continuous 
monitor of perfusion in both arms. Obese individuals with 
large outstretched arms may be more susceptible to this 
complication. 


Thomas M. Skeehan, MD 


Frederick A. Hensley Jr, MD 

Department of Anesthesia 

Milton S. Hershey Medical Center 

The Pennsylvania State University College of Medicine 
Hershey, PA 17033 
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Esophageal Stethoscopes Can Reveal 
Light Anesthesia 


To the Editor: 


With the current trend toward shortening operating room 
stays and hastening recovery room discharges, anesthe- 
siologists are keeping patients "lighter" during surgery. 
Though speeding emergence, light anesthesia courts the 
possibility of troublesome coughing, movement, or aware- 
ness. Using an esophageal stethoscope, I have observed an 
early sign of lightening of anesthesia. This sign is not men- 
tioned in either of two modern descriptions of indicators of 
depth of anesthesia (1,2). 

After tracheal intubation and initiation of mechanical 
ventilation, the esophageal stethoscope is inserted until half 
its length protrudes from the patient's inouth. During con- 
tinuous auscultation, a muffling of heart and breath sounds, 
sometimes accompanied by swallowing noises, is usually 
the first sign that the patient is becoming lighter. I have 
learned to administer an intravenous drug promptly (usu- 
ally thiopental) when the auscultatory muffling occurs. Oth- 
erwise the patient progresses to less subtle signs of light 
anesthesia within 1-2 min: "bucking," coughing, hiccough- 
ing, or movement. 

The auscultatory muffling precedes hypertension or 
tachycardia and has occurred during anesthesia conducted 
with either nitrous oxide-narcotic or halogenated anes- 
thetics. It commonly occurs during deep (though not total) 
neuromuscular blockade. The sign is not rare; I have heard 
it during hundreds of cases over the last four years. It seems 
to have escaped mention in our literature. 


Ronald M. Meyer, MD 
Department of Anesthesia 
Columbus Hospital 

2520 N. Lakeview Avenue 
Chicago, IL 60614 
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Morphine-Halothane 
Interaction Controversy 


To the Editor: 


I read with interest the recent article by Lake et al. on re- 
duction in halothane MAC by morphine and alfentanil in 
rats (1). In this and in a previous article (2), the authors 
convincingly demonstrate that morphine and sufentanil are 
superior to alfentanil in their ability to reduce halothane 
MAC. I would like to attract attention to another aspect of 
the presented data that was not discussed in the article. 
" Almost complete anesthesia" with morphine and sufen- 
tanil used for reduction of halothane MAC in these two 
studies (1,2) in fact means that morphine (sufentanil) cannot 
completely substitute for halothane in achievement of the 
desired level of the index of anesthesia chosen by the au- 
thors. The authors used the tail clamp technique, a common 
technique not only for measurement of anesthetic action of 
general anesthetics, but also an even more common tech- 
nique for assessment of analgesic action of opioids. There 
are many publications showing that morphine can com- 
pletely block motor response to tail clamp in rats with an 
EDs, range from 2 to 10 mg/kg (3,4,5). Yet the authors could 
not produce a MAC (ED) level with morphine, 20 mg/kg, 
without at least 16% of halothane MAC. It appears that 
halothane inhibited morphine's classical effect on motor 
response to somatic noxious stimulation. 

Interestingly, Murphy and Hug (6), using another spe- 
cies of animals (dogs), reported results that also may be 
indicative of morphine-halothane antagonism. In their ex- 
periments even 27 mg/kg morphine could not block move- 
ment response to the tail clamp without the addition of 
enflurane, 0.69% (end-tidal concentration). However, inter- 
pretation of their experiments is difficult because there are 
no data in the literature on morphine EDs) when used alone 
for blockade of motor response to the tail clamp in dogs 
(probably due to profound hypotensive effects of large doses 
of morphine in dogs). 

In a recent study of morphine-halothane interaction in 
rats with the use of isobolographic method, we found that 
halothane in a small concentration antagonizes the anti- 
nociceptive effect of morphine (7). However, this was true 
only for the cardiac acceleration response caused by tail 
clamp. When movement response to tail clamp was studied, 
it was found that morphine, when given alone, was able 
to completely block the motor response to tail clamp (with 
EDs; and EDss values of 6 and 8.5 mg/kg intravenously, 
respectively) and addition of halothane 0.5% (inspired) did 
not antagonize the effect of morphine. 

The finding of Heckler and associates of "almost com- 
plete anesthesia" with morphine when halothane was used 
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for MAC determination (2) is indicative of a mor- 
phine—halothane antagonism but only on the condition that 
* the effect of morphine, 20 mg/kg subcutaneously, given 
alone is enough to produce motor unresponsiveness to the 
tail clamp in at least 50% of the animals. It is known that 
doses of morphine for blockade of motor response to tail 
compression depend to a very significant extent on the 
strength of the compression: up to fivefold difference in the 
dose of morphine (5). Therefore, the morphine EDs, values 
taken from other studies, as we tried to do in the above 
paragraphs, may be misleading. Probably the authors of the 
articles (1,2) are best qualified to solve the mystery of in- 
complete blockade of the tail clamp response with opioids 
when the level of anesthesia is measured by halothane MAC. 
Does this represent antagonism between opioids and in- 
halation agents commonly used together in anesthesia? 


Igor Kissin, MD 

Department of Anesthesiology 

The University of Alabama at Birmingham 
University Station 

Birmingham, AL 35294 
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In Response: 


We appreciated the interest and comments from Dr. Kissin 
on our recently published work on the reduction of halo- 
thane MAC by morphine and alfentanil in rats (1). As he 
clearly describes, there are substantial differences in meth- 
odology among the published works describing require- 
ments for inhalational anesthetics and analgesics alone or 
in combination. As Kissin et al. point out in their paper (2), 
blockade of purposeful movement and blockade of heart 
rate increase may be different components of anesthesia 
with inhibition of the movement response regarded as an 
anesthetic process, while abolition of heart rate increase, a 
sympathetic response, is a nonanesthetic process. 

Our work measured only the reduction in anesthetic 
requirements, using the widely accepted tail clamp method 
with a supramaximal stimulus (3). The limitations of the 
clamping technique, specifically the problems of standard- 
ization of the point of application of the clamp and of altered 
sensitivity in subsequent testing have been previously ad- 
dressed. MAC in the same animals has been shown to be 
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Figure 1. The reduction in the MAC of halothane produced by 
increasing doses of morphine in rats as replotted from the data of 
Kissin et al. (Morphine-halothane interaction in rats. Anesthe- 
siology 1984;60:553-61.) It demonstrates a less consistent dose- 
response relationship than that presented in figure one of Lake et 
al. (Anesth Analg 1985;64:807-10.) 


constant with time and reproducible. These factors were 
controlled in our experiments, as previously described, by 
clamping sequentially from distal to proximal points on the 
middle one-third of the rat tail. 

In addition to a standardized clamping method, a true 
measure of anesthetic requirement necessitates the mea- 
surement of alveolar anesthetic concentrations as carried 
out in our methods because of the similarity of alveolar 
concentrations to brain concentrations. In contrast, Kissin 
et al. measured inspired concentrations. Despite his use of 
an approximation method for the determination of anes- 
thetic requirement (MAC), his dose-response curve for 
morphine is, in general, similar to our findings and dem- 
onstrates a reduction of MAC with increasing doses of mor- 
phine (Fig. 1). If Kissin’s data are replotted using our co- 
ordinates, a less consistent relationship of dose and reduction 
in anesthetic requirement is seen than in our data. 

The use of subcutaneous morphine injection in our ex- 
perience produces consistent plasma morphine concentra- 
tions that were documented in our study; in contrast, Kissin 
used an intravenous bolus technique. The intravenous 
administration of a given dose, followed by an interval of 
15 min before determination of animal movement, raises 
the question of constancy of plasma concentrations. Un- 
fortunately, Kissin et al. did not measure the plasma mor- 
phine levels, so that we cannot compare responses. He also 
has not evaluated for changes in plasma morphine concen- 
trations with time. Hepatic blood flow is known to decrease 
with halothane and hence should alter morphine plasma 
concentrations. Morphine concentrations were measured in 
our experiments, were stable, and were dose dependent. 

In addition, in previous experiments we noted that Pco, 
increased to 69 mm Hg after an 8-mg/kg dose subcutane- 
ously in a spontaneously breathing rat. With larger doses, 
(i.e., 20 mg/kg subcutaneously) a Pco, in the range of 100-200 
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mm Hg would be present. An increase in PCO; to these 
values would reduce MAC by 10-50% (4). This may account 
for the additional reduction in MAC seen in Kissin’s spon- 
taneously breathing animal at high morphine doses (100% 
MAC reduction). The Pco, in all of our animals was main- 
tained at 40 mm Hg. 

Changes in heart rate in response to tail clamp were not 
a part of our studies, so we cannot comment upon them in 
light of our work. However, the possibility that hypercarbia 
altered the cardiac responsiveness cannot be ruled out in 
Kissin’s work. Hypercarbia is a well-known cause of tachy- 
cardia. The doses of morphine used by Kissin et al. in the 
heart rate experiments were higher than used in our ex- 
periments. In his evaluation, antagonism was noted only 
with a high dose of morphine and a low dose of halothane. 
The doses of 270-330 mg/kg in Table 3 of their paper are 
difficult to interpret in a spontaneously breathing animal 
model. 

In summary, the clinical concurrence of our findings in 
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animals with those of anesthetized humans suggests the 
continued validity of the determination of MAC and the 
additive effects of anesthetics and analgesics. 


Carol L. Lake, MD 

Cosmo A. DiFazio, MD, PhD 
Department of Anesthesiology 
University of Virginia 
Charlottesville, VA 22906 
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. Book Reviews 


Update in Intensive Care and 

Emergency Medicine 

J. L. Vincent, ed. New York: Springer-Verlag, 1985, 304 
pp, $31.00. 


This book represents the proceedings of the fifth Interna- 
tional Symposium on Intensive Care and Emergency Med- 
icine held March 26—29, 1985, in Brussels, Belgium. There 
are 65 chapters by 50 international authors, of which 13 are 
from the United States. 

Most of the chapters are 3-5 pages long and represent 
a summary of more extensive oral presentations. The value 
of these brief summaries is quite limited to the reader who 
is intent on expanding his knowledge of such broad topics 
as "Pathophysiology of Acute Lung Injury" or "Nutritional 
support of the Critically IIl Patient." The major value of the 
chapters may lie with the bibliographies, which are usually 
current. 

The book is not recommended to the physician who is 
new to Anesthesiology or Critical Care because of its ab- 
sence of preliminary and explanatory information. Rather 
the book is recommended to the experienced clinician who 
wants to know briefly what other ICU physicians are writing 
and saying about a broad variety of Critical Care topics. 


John W. Hoyt, MD 
Director 

Medical~Surgical ICU 

St. Francis Medical Center 
Pittsburgh, PA 


Controlled Hypotension in Neuroanaesthesia 
D. Heuser, D. G. McDowall, and V. Hempel, eds. New 
York: Plenum Press, 1985, 230 pp, $35.00. 


This text is a summary of the proceedings of a multidisci- 
plinary conference held in Tubingen, West Germany, in 
1981 which considered the role of controlled hypotension 
(CH) in the clinical practice of neurosurgery and reviewed 
current concepts related to methods and cerebral metabolic 
and physiologic effects. 

Five aspects of CH are presented: pharmacology and 
toxicology of the primary and adjuvant drugs; cerebral me- 
tabolism and blood flow; monitoring of cerebral electrical 


activity; neuropathology of complete and incomplete global ' 


ischemia; and clinical aspects, including a discussion of the 
efficacy of CH in facilitating neurosurgical procedures. 
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Because the book appears four years after the conference, 
it serves as an excellent summary of CH to that time. More 
recent areas of interest, e.g., the efficacy of isoflurane in 
CH and experimental data related to newer hypotensive 
agents such as urapidil and ATP (adenosine) are not in- 
cluded, although studies have appeared in the literature 
regarding these agents in the preceding and intervening 
years. The chapters devoted to electrophysiologic monitor- 
ing (EEG, evoked potentials) are an excellent summary of 
clinical and experimental data related to cerebral ischemia 
and may prompt the reader to pursue some form of objec- 
tive monitoring of cerebral perfusion during CH in his own 
practice. Many illustrations demonstrate the utility of the 
cerebral function monitor, although its use in this country 
has not been widespread. Nevertheless, the relevant patho- 
physiologic correlates and clinical applications are well-pre- 
sented. The metabolic and pathologic aspects of cerebral 
ischemia are clearly and completely summarized. 

Experimental data regarding cerebral ischemia, partic- 
ularly the deleterious effect of "glucose loading" on the 
severity of cerebral lactic acidosis and adverse neurologic 
outcome, are extensively documented and support the pres- 
ent practice of maintaining euglycemia in patients at risk 
for cerebral ischemia. Cardiopulmonary bypass and crani- 
otomy patients, indeed, all anesthetized patients, may ben- 
efit from attention to blood glucose levels should cerebral 
ischemia develop unexpectedly. 

The chapter about volatile agents and CH contains sev- 
eral figures demonstrating the effect of various antihyper- 


tensive drugs on blood pressure and intracranial pressure 


in severe head injury patients. Unfortunately, the chapter 
says very little about volatile agents. Instead one patient to 
whom four vasodilator drugs were given is presented, the 
sequence in which they were administered being unclear. 


_ In the initial figure, cerebral perfusion pressure (CPP) [mean 


arterial pressure (MAP)—intracranial pressure (ICP)] was 
very low prior to administration of sodium nitroprusside, 
and even lower afterward. There is no description of con- 
comitant therapy or outcome in this patient with a Glasgow 
Coma Scale score of 5, but one would question the indi- 
cations for such therapy in a severely compromised patient. 
Intracranial pressure may increase if cerebral vasodilation 
occurs or it may decrease if autoregulation is abolished; 
MAP will decrease and CPP will potentially be adversely 
affected with either ICP response. Cerebral vasodilators are 
not recommended for patients with severe head injuries. 
Because there are no epidemiological studies regarding 
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morbidity and morbidity related to CH during neurosurg- 
ical procedures, it is difficult to condemn or condone its 
use. The authors recommend careful consideration of pa- 
tient selection and appropriate monitoring to maximize safety 
and efficacy. 

Though there are several spelling and syntax errors 
throughout the text, readability does not suffer despite mul- 
tiple authors. I would recommend this text for inclusion in 
neurosurgery and anesthesiology departmental libraries and 
for the personal libraries of neuroanesthesiologists. 


Jane Matjasko, MD 

Associate Professor of Anesthesiology and Surgery 
University of Maryland 

Baltimore, MD 





Effects of Anesthesia 

B. G. Covino, H. A. Fozzard, K. Rehder, and 

G. Strichartz, eds. Bethesda, MD: American Physiological 
Society, 1982, 224 pp, $39.95. 


This is a super book! One is reluctant to gush publicly, but 
in fact, the volume is superb. Superb in its choice of con- 


tributors and topics, well-written chapters, appropriate ta- | 


bles and charts, and pertinent and timely references. 

There are three sections: effects of anesthesia on cell 
membranes and the molecular basis for anesthesia, effects 
of anesthesia on the respiratory system (ventilatory control, 
respiratory machines, pulmonary circulation, pulmonary gas 
exchange), and effects of anesthesia (general, regional, in- 
travenous) on the circulation, a total of 15 chapters. The 
authors are expert on their topics; the self-citations found 
in each chapter are evidence not of vanity but of their ex- 
pertise. As a result, though, each chapter is not an all- 
encompassing review but rather reflects to a large extent 
the author’s research interests. 

But be aware—though part of the American Physiolog- 
ical Society’s Clinical Physiology Series, this book is hardly 
intended for the clinician without research interests and 
background. The book seems to be written more for phys- 
iologists with an interest in anesthesia more than for anes- 
thesiologists with an interest in physiology. Understanding 
the material requires a knowledge of research techniques 
and ideas. But for one with this interest and background 
the book is superb. 


Lee H. Cooperman, MD 


Professor of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 19104 


The Origins of Anaesthesia 
Sherwin B. Nuland. Birmingham, AL: The Classics of 
Medicine Library, 1983, 1000 pp, $60.00. 


This magnificently bound volume from The Classics of Med- 
icine Library is as outstanding for its contents as for its 
appearance. In what surely must have been a labor of love 
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for the medical historians at Yale University, Dr. Nuland 
has woven a tapestry of his narration interspersed with fine 
reproductions of original articles from the Anodynes of An- 
tiquity, through Mesmerism and Hypnotism, Suspended 
Animation, Ether Frolics, and finally the contributions of 
Long, Morton, Wells, Warren, Simpson, and Snow. Con- 
siderable attention is given to the controversy over the dis- 
coverer of Sulphuric Ether, early press reports of its use, 
and even the censure of W. T. G. Morton by the American 
Medical Association. Of particular interest is the reproduc- 
tion of Morton’s brochure prepared for the surgeons at Mas- 
sachusetts General Hospital to instruct them in the use of 
Ether. ; 

Dr. Nuland's clear style makes for easy and fascinating 
reading. If the book has any flaw it is in the confusing 
arrangement of page numbers. The author's story carries 
its own page numbers as do the reproductions of original 
articles, and because these are interspersed through the 
narrative (although always in complete form) the result is 
rather confusing when seeking a particular subject or.citing 
a reference. 

Perhaps a master page numbering system at the bottom 
of each page would help avoid the confusion. 1 feel an index 
would also improve its value as a reference text. I hope the 
author and publishers will consider this when reprinting 


the book. It certainly ought to be reprinted and made avail- - 


able to the many anesthesiologists and medical historians 
who will appreciate and treasure it. 


John J. Leahy, Mp 
Wills Eye Hospital 
Philadelphia, PA 


Case Studies in Critical Care Medicine 
Ray D. Cane and Barry A. Shapiro, eds. New York: Year 
Book Medical Publishers,. Inc., 1985, 262 pp, $29.95. 


The evolving speciality of Critical Care Medicine has seen 
a flood of texts in the last several years. Some of these books 
have attempted to be comprehensive, such as the "Textbook 
of Critical Care,” presented by the Society of Critical Care 


Medicine. Other. books have attempted to narrow in on. 


more confined areas, such as the recent “The Pharmacologic 
Approach to the Critically IIl Patient." Few texts have taken 
a case study approach. 

The book by Cane and Shapiro attempts to cover the 
more common ICU problems by applying didactic infor- 
mation to patient management through case study. Each 
chapter is structured in an identical fashion. The reader is 
given preliminary information such as data on gram neg- 
ative bacteremia in Chapter 11. Next a case is presented 
with preliminary, admitting information. This is followed 
by further didactic information as it applies to the case. 
Further case information is presented with detailed points 


. about therapy. More discussion about patient management 
- follows. This pattern of case information followed by. dis- 


cussion repeats through the chapter until the patient is dis- 
charged and the topic has been covered. 
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The book is written primarily by the anesthesiology and 
internal medicine faculty of Northwestern University. De- 
* spite the contributions of 15 different authors, there is amaz- 
ing similarity in the structure of each chapter, which is 
certainly a tribute to the editors of the book. 

Even though there is great similarity in chapter style and 
structure, there are marked differences in the quality of 
information presented in various chapters. The discussion 
of head injury and intracranial hypertension by Tod Sloan 
and Antoun Koht is excellent and quite complete. Their 
bibliography is up to date and extensive. Other chapters 
cover important areas in a perfunctory fashion with an in- 
adequate and out of date bibliography. 

On the whole the book is quite good and worth reading, 
especially for the anesthesiology resident. It would seem 
this book would make a good teaching tool for program 
directors developing a critical care curriculum for residents. 


John W. Hoyt, MD 
Director 

Medical-Surgical ICU 

St. Francis Medical Center 
Pittsburgh, PA 


Recent Advances in Anaesthesia and 
Analgesia, (number fifteen) 

R. S. Atkinson and A. P. Adams, eds. New York: 
Churchill Livingstone, 1985, 231 pp, $25.00. 


This book is comprised of twelve separate chapters covering 
a variety of topics ranging from anesthetic agents and ven- 
tilatory techniques to a discussion of malignant hyperpy- 
rexia. The title is somewhat misleading. Many of the chap- 
ters seem to be primarily a restatement of known facts and 
considerations rather than a presentation of new informa- 
tion. This is especially true of the chapters concerning air- 
way obstruction in children, aspects of thermal injury, and 
morbidity and mortality. The chapter on isoflurane is fairly 
superficial in its discussion but is well organized, and the 
comparisons of isoflurane, halothane, and enflurane are 
informative. The chapter on new muscle relaxants is gen- 
erally enlightening and contains useful and fairly current 
information. The statement that "the Hofmann elimination 
is the main pathway of degradation. . . ,” has been ques- 
tioned by Nigrovic (1) and others. There is also no mention 
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of possible toxic metabolites such as acrylates with atra- 
curium. The chapter on intravenous induction agents omits 
such agents as thiamylol and the benzodiazepines. Diso- 
profol is no longer formulated in Cremophor EL but is now 
formulated in an egg lecithin emulsion. These examples 
illustrate how rapidly information changes in anesthesia. 

The chapter on synthetic analgesics has a well-written 
section on the mechanism of pain and analgesia. The chap- 
ter on high-frequency ventilation is especially well done and 
contains a simple and clear comparison of the mechanics 
of IPPV, HFJV, and HFO. The discussion of clinical appli- 
cations is astute. The chapter on calcium channel blockers 
contains informative sections on calcium mechanics and 
clinical considerations. The chapter on the gastric acid prob- 
lem contains a knowledgeable discussion of the various 
considerations of gastric acid production and treatment. 
Finally, the chapter on malignant hyperpyrexia has detailed 
sections on the biochemical basis of MH and associated 
disease states. 

The chapters of the book vary greatly in their quality of 
information, but many of them contain very useful and 
current knowledge of anesthesia and analgesia. This text 
will be most suited for nonphysician anesthetists and those 
physicians still in training rather than as a reference book 
for academic or experienced anesthesiologists. 


John A. Youngberg, MD 
Associate Professor of Anesthesiology 
Tulane University Medical Center 
New Orleans, LA 70122 


Reference 


1. Nigrovic V, Auen M, Wajskol A. Enzymatic hydrolysis of atracurium in 
vivo. Anesthesiology 1985;62:606—9. 


Books Received 


Receipt of the following books from their publishers is acknowledged with 
thanks. Selected books from this list will be reviewed in the future. 
Classical Anesthesia File. D.M. Little Jr. Park Ridge, IL: Wood Library-Mu- 
seum, 1985, 335 pp, $35.00. 


Current European Anaesthesiology, Volume 1. R.M. Jones, ed. New York: 
John Wiley and Sons, 1985, 297 pp, $24.50. 


Acid-Base Regulation and Body Temperature. H. Rahn, O. Prakash, eds. 
Boston: Martinus Nijhoff Publishers, 165 pp, $39.90. 


Special Problems in Pediatric Anesthesia. R.I. Godinez, ed. Intl Anesth Clin 
vol 23, no 4. Boston: Little Brown & Co., 1985, 235 pp, $24.00 for single or 
$53.00 for four issues per annum. 

The Pregnant Surgical Patient. J.M. Baden, J.B. Brodsky, eds. Mt. Kisco, 
NY: Futura Publishing Co., Inc., 260 pp, $36.00. 





UNIQUE METABOLISM 





PROVIDES BETTER PREDICTABILITY. 





| ALLOWING BETTER CONTROL 





DUAL PATHWAYS 


ESTER HYDROLYSIS 





Catalyzed by 
nonspecific 
esterases 






Y = Y ^N Y 
C -i J 
: ; `N 4i 3 || | "n N? Ann... 
r CH.CH. COH HO-(CH., CCH, Gia Y : OCH 
| 2772 25- 2 3 
H. HL, 


Quaternary | * Quaternary 
Acid Alcohol 







HOFMANN ELIMINATION 





At normal body 
temperature (37°C) 
and pH (7.4) 


Monoacrylate | * | 2 Laudanosine 


A 
-Ma 2 





O Tracrium* Injection (atracurium besylate) is 
inactivated by two nonoxidative pathways that are 
not dependent on kidney or liver function: 


[1] Hofmann elimination —a nonenzymatic process that 
occurs at physiologic temperature and pH 


2) Ester hydrolysis —catalyzed by nonspecific 
esterases; normal levels of plasma cholinesterase are 
not required 


These attributes make Tracrium a more flexible sur- 


gical muscle relaxant—it may be tailored to a wide 
variety of surgical cases. 


"Atracurium has the special feature of being broken 
down to inactive products by the Hofmann elimi- 
nation reaction. This means that the active drug can 
be removed from the biophase by other means not 
totally dependent on enzyme action, redistribution 
or excretion." 


"At present, no other available muscle relaxant under- 
goes this kind of degradation at physiologic pH.” 


Convenient and Ready to Use 
Tracrium is easily administered —requires 
no premixing. : 





| 


Few Cardiovascular Effects 
at Recommended Dosages 


Dosage Mean Blood Pressure (% control) 








Adapted from Basta et al.3 


No Cumulative Effects Upon 


Recovery, After Multiple Doses 


L] Repeated equipotent doses of Tracrium, admin- 
istered at equal points of recovery, have no cumulative 
effect on recovery time 


LJ Once recovery begins, it is relatively rapid and 


independent of dose 


O This means that you do not have to calculate pro- 


ressively smaller doses for repeat administration, and 


that recovery is more consistent and predictable 


"One patient received 12 successive doses of 
atracurium after recovering completely from the initial 
dose, yet the 2596-7595 recovery times were 10.0 and 
12.2 min, respectively. This may indicate that 


 atracurium is not cumulative. . . .''' 





Dosage Mean Heart Rate (% control) 
(mg/kg) Values + SD 











Minimal Histamine Release 


O Tracrium is a less potent histamine releaser than 
d-tubocurarine or metocurine 


O Clinically significant histamine release occurs well 
within the clinical dosage range (at EDos) for curare, 


at the upper limits of the clinical dosage range 


(at 2 x EDos) for metocurine and outside the clinical 
dosage range (at 3 x EDgs) for atracurium4 


U The lack of hemodynamic changes due to 
Tracrium suggests minimal histamine release 


Please see brief summary of prescribing information on the following page. 


REFERENCES: 

1, Ali HH, Savarese JJ, Basta SJ, et al: Clinical pharmacology of atracurium: Anew 
intermediate acting nondepolarizing relaxant. Seminars in Anesthesia 1982; 1:57-62. 
2. Katz AL, Stirt J, Murray AL, et al: Neuromuscular effects of atracurium in man. 
Anesth Analg 1982; 61:730-734. 

3. Basta SJ, Ali HH, Savarese JJ, et al: Clinical pharmacology of atracurium besylate 
(BW 33A): A new non-depolarizing muscle relaxant. Anesth Analg 1982; 61:723-729. 
4. Basta SJ, Savarese JJ, Ali HH, et al: Histamine-releasing potencies of atracurium 
besylate (BW 33A), metocurine, and d-tubocurarine. Anesthesiology 7982;57:A261. 


TRACRIUM ‘NECTION 


Copr. ©1984 Burroughs Wellcome Co. All rights reserved. 





TRACRIUM* INJECTION 
(atracurium besylate) 


This drug shouid be used only by adequately trained individuals familiar with its actions, 
characteristics, and hazards. 


DESCRIPTION: Tracrium (atracurium besylate) is an intermediate-duration, 
7 nondepolarizing, skeletal muscle relaxant for intravenous administration. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, 
to facilitate endotracheal intubation and to provide skeletal muscle relaxation during 
surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a 
hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY 
MANAGEMENT AND RESPIRATORY SUPPORT. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It 
Should he used only with adequate anesthesia. 


Tracrium Injection should not be mixed with alkaline solutions (e.g., barbiturate solutions) 
in the same syringe or administered simultaneously during intravenous infusion through 
the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine. 
The possibility of substantial histamine release in sensitive individuals must be 
considered however. Special caution should be exercised in administering Tracrium to 
patients in whom substantial histamine release would be especially hazardous (e.g., 
patients with clinically significant cardiovascular disease) and in patients with any 
history (e.g., severe anaphylactoid reactions or asthma) suggesting a greater risk of 
histamine release. In these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be 

administered slowly or in divided doses over one minute. 


Since Tracrium has no clinically significant effects on heart 
rate in the recommended dosage range, it will not counteract 
the bradycardia produced by many anesthetic agents or 
vagal stimulation. As a result, bradycardia during anesthesia 
e be more common with Tracrium than with other muscle 
relaxants. 


Tracrium may have profound effects in patients with 
myasthenia gravis, Eaton-Lambert syndrome or other 
neuromuscular diseases or in patients with severe 
electrolyte disorders or carcinomatosis. 


The safety of Tracrium has not been established in patients 


Find out more about 
TRACRIUM® INJECTION 
(atracurium besylate) 


at 


The International Anesthesia 
Research Society Meeting 


newborn infants, although small amounts of Tracrium were shown to cross the placental 
barrier. The possibility of respiratory depression in the newborn infant should always be 
considered following cesarean section during which a neuromuscular blocking agent 
has been administered. In patients receiving magnesium sulfate, the reversal of 
ltr tg blockade may be unsatisfactory and Tracrium dose should be lowered 
as indicated. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Caution should be exercised when Tracrium is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 2 years have not 
been established. 


ADVERSE REACTIONS: Tracrium produced few adverse reactions during extensive 
clinical trials, most of which were suggestive of histamine release (see PRECAUTIONS 
section). The overall incidence of clinically important adverse reactions was 7 /875 or 0.896. 


Approximately one million patients received Tracrium during the first year following 
introduction to the U.S. market in December, 1983. Spontaneously reported adverse 
reactions were uncommon (approximately 0.0296). The following adverse reactions are 
among those most frequently reported, but there are insufficient data to support an 
estimate of their incidence: 

Musculoskeletal: Inadequate block, prolonged block 

Cardiovascular: Hypotension, vasodilatation (flushing), tachycardia, bradycardia 
Respiratory: Dyspnea, bronchospasm, laryngospasm 

Integumentary: Rash, urticaria, reaction at injection site 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously. 
DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus injection, is the 

recommended initial dose for most patients. With this dose, good or excellent conditions 

for nonemergency intubation can be expected in 2 to 2.5 minutes in most patients, 

with maximum neuromuscular blockade achieved approximately 3 to 5 minutes after 

injection. Clinically acceptable neuromuscular blockade under balanced anesthesia 
generally lasts 20 to 35 minutes; recovery to 25% of control 
is achieved approximately 35 to 45 minutes after injection, 
and recovery is usually 95% complete approximately 60 
minutes after injection. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg is recommended 
following the use of succinylcholine for intubation under 
balanced anesthesia. 


Tracrium is potentiated by isoflurane or enflurane 
anesthesia. The same initial Tracrium dose of 0.4 to 0.5 
mg/kg may be used for intubation prior to administration 

of these inhalation agents; however, if Tracrium is first 
administered under steady state of isoflurane or enflurane, 
the initial Tracrium dose should be reduced by approximately 
one-third, i.e., to 0.25 to 0.35 mg/kg; with halothane, 


with bronchial asthma. Las Vegas which has only a marginal (approximately 2096) potentiating 
Drug Interactions: The neuromuscular blocking action of March 15-19. 1986 effect on Tracrium, smaller dosage reductions may be 
Tracrium may be enhanced by enflurane; isoflurane; | , considered. 


halothane; certain antibiotics, especially the aminoglycosides 
: DOM lithium; magnesium salts; procainamide: or 
quinidine. 


If other muscle relaxants are used during the same 
procedure, the possibility of a synergistic or antagonist effect should be considered. 


Prior administration of succinylcholine does not enhance the duration, but quickens the 
onset and may increase the depth of neuromuscular blockade induced by Tracrium. 

Tracrium should not be administered until a patient has recovered from succinylcholine- 
induced neuromuscular blockade. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Carcinogenesis and fertility 
studies have not been performed. Atracurium was evaluated in a battery of three short 
term mutagenicity tests. It was non-mutagenic in both the Ames Salmonella assay at 
concentrations up to 1000 posto and in a rat bone marrow cytogenicity assay at 

up to paralyzing doses. A positive response was observed in the mouse lymphoma 
assay under conditions (80 ) and 100 g/ml, in the absence of metabolic activation) 
which killed over 8096 of the treated cells; there was no mutagenicity at 60 Eo! 
lower, concentrations which killed up to half of the treated cells. A far weaker response 
was observed in the presence of metabolic activation at concentrations (1200 „g/ml 
and higher) which also killed over 8096 of the treated cells. Mutagenicity testing is 
intended to simulate chronic (years to lifetime) exposure in an effort to determine 
potential carcinogenicity. Thus, a single positive sa ton response for a drug used 
infrequently and/or briefly is of questionable clinic al relevance. 


Pregnancy: Teratogenic Effects: Pr egnancy Category C. Tracrium has been shown 
to be potentially teratogenic in rabbits when an dur in doses up to approximately one-half 
the human dose. There are no adequate and well-controlled studies in pregnant women. 
Tracrium should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants administered during 
vaginal delivery have immediate or delayed adverse effects on the fetus or increase 
the likelihood that resuscitation of the newborn will be necessary. The possibility that 
forceps delivery will be necessary may increase. 


gi (0.3 mg/kg) has been administered to 26 pregnant women during delivery 
by cesarean section. No harmful effects were attributable to Tracrium in any of the 
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Tracrium doses of 0.08 to 0.10 mg/kg are recommended 

for maintenance of neuromuscular blockade during 

prolonged surgical procedures. The first maintenance dose 

will generally be required 20 to 45 minutes after the initial 
Tracrium injection, but the need for maintenance doses should be determined by clinical 
criteria. Maintenance doses may be administered at relatively regular intervals for each 
patient, ranging approximately from 15 to 25 minutes under balanced anesthesia, 
slightly longer under isoflurane or enflurane. 


An initial Tracrium dose of 0.3 to 0.4 mg/kg, given slowly or in divided doses over one 
minute, is recommended for patients with significant cardiovascular disease and for 
patients with any history (e.g., severe anaphylactoid reactions or asthma) suggesting a 
greater risk of histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, 
severe electrolyte disorders, or carcinomatosis in which potentiation of neuromuscular 
blockade or difficulties with reversal have been demonstrated. 

No Tracrium dosage adjustments are required for patients with renal disease or for 
pediatric patients two years of age or older. In pediatric patients, maintenance doses 
may be required with slightly greater frequency than in adults. 


HOW SUPPLIED: Tracrium Injection, 10 mg atracurium besylate in each mi. Ampuls 
of 5 ml (50 mg atracurium besylate per ampul). Box of 10 ampuls (NDC-0081-0940-10). 


10 mi Multiple Dose Vial (100 mg atracurium besylate per vial). The multiple dose vial 
contains 0.9% benzyl alcohol added as a preservative. Box of 10 (NDC-0081-0940-95). 


Store under refrigeration at 2° to 8°C (36° to 46°F); DO NOT FREEZE. 
U.S. Patent No. 4179507 Printed in U.S.A. 
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A hypotensive agent for craniotomy and clipping of aneurysms 
Isoflurane may be used as both anesthetic 05% 4% 2% 0.25% 0.5% 
and hypotensive agent, providing for pre- d e ES 
cise control of blood pressure throughout | 
procedures such as clipping of cerebral ro HN 
aneurysms.! lis | 
Blood pressure tracing demonstrating therapid response of systemic 
blood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood peons during the 
Meters et was 70 mm Hg and 40 mm Hg during the 
ypotensiv 
Control of intracranial pressure for craniotomy *. 
and excision of space-occupying lesion 
Isoflurane causes no increase in intracranial pressure (ICP) when 
PaCO, is controlled at 25-30 torr, and ICP ma be readily lowered 
. 2 . 
during surgery by decreasing Pago, s 
j j Tr fh j ith eith fl haloth 
Control of var during anesthesia in Patients undergoing coronary artery bypass surgery 
coronary artery bypass surgery pee 
‘ ; ; Mean arterial pressure Systemic vascular resistance 
Control of intraoperative hypertension may “a (mmHg) (dynes-sec-cm *) 

e . è e 1 r^ — 2 = r — —— i: 44 
be achieved with isoflurane by lowering s | | 
peripheral vascular resistance (left ventric- T | | ' 
ular afterload) generally without depress- 1104 AN 7 | 
à F ; 4 2000 
ing stroke volume or Increasing heart rate. 100 + ye - | 

: gus 4 
These effects can be of particular benefit in ol £4 | | Y 
patients with compromised left ventricular "" sf d — L 
function. Halothane is equally effective in id | l | 
lowering blood pressure without increasing | | | L| 
heart rate, but it decreases stroke volume. s pm E 2. i 
z control hypertension treatment control hypertension treatment 
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Potentiation of relaxants for orthopedic surgery 


With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurlum).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 


Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.''6 


A rapid recovery with few post-anesthetic symptoms 
for outpatient surgery 

“Isoflurane is eliminated more rapidly 
than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 


anesthetic.’’” (Blood-gas partition coef- 


ficient, only 1.4) Group No. of Patients No. of Patients 
with N or N&V 


Anesthesia using isoflurane in a mixture fentanyl, N,O, O, 37 23 (62%)* 
of oxygen and air produced a significantly | | diii 

lower incidence of nausea and vomiting cn 20 6 (30%) 
following outpatient laparoscopy than 


. . isoflurane, O 5 (25% 
anesthesia that included nitrous oxide.® (25%) 





Adapted from Alexander et al® *p<0.05 


References: 


halothane anesthesia in man. Anesthesiology 35:509-514,1971. 5. Tracrium" (atracurium besylate) prescribing information, Burroughs Wellcome 
Co., Research Triangle Park, NC 27709. 6. Wade JG, Stevens WC: Isoflurane: an anesthetic for the eighties? Anesth Analg 60(9):666-682, 1981. 

7. Eger EI II: Isoflurane, a compendium and reference, Ohio Medical Anesthetics, Madison, WI, 1981. 8. Alexander GD et al: The role of nitrous oxide 
in postoperative nausea and vomiting. Anesth Analg 63:175, 1984. 
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Forane ... The Versatile Anesthetic 


(isoflurane) 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is à nonflammable general inhalation anesthetic agent 
It is 1-chloro-2,2,2-trifluoroethyl difluoromethyl ether, and its structural formula is 


F H F 
| | | 

F —C—C—O—C—H 
|. d | 
F Cl F 


Some physical constants are: 
Molecular weight 1845 
Boiling point at 760 mm Hg 485 °C (uncorr.) 


Refractive index n20 1 2990-1 3005 
Specific gravity 25 °/25 °C 1.496 
Vapor pressure in mm Hg** 20 *C 23B 
25 °C 295 
; 30 °C 367 
35 °C 450 
**Equation for vapor pressure calculation: 
logigPvap = A + = where: A = 8056 
T B = - 166458 
T = °C + 273.16 (Kelvin) 
Partition coefficients at 37 °C 
Water/gas 061 
Blood/gas 1.43 
Oil/gas 90.8 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinyl chloride/gas 110.0 
Polyethylene/gas ~2.0 
Polyurethane/gas ^14 
Polyolefin/gas ^11 
Butyl acetate/gas "25 
Purity by gas chromatography >999% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec. and 23 °C None 


Lower limit of flammability in oxygen or Greater than useful con- 

nitrous oxide at 900 joules/sec. and 23 °C centration in anesthesia 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers 
Isoflurane has a mildly pungent, musty, ethereal odor. Samples stored in indirect sunlight in clear, 
colorless glass for five years, as well as samples directly exposed for 30 hours to à 2 amp, 115 
volt, 60 cycle long wave UV. light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methanol solution, à strong base, 
for over six months consumed essentially no alkali, indicative of strong base stability Isoflurane 
does not decompose in the presence of soda lime, and does not attack aluminum, tin, brass, iron 
or copper. 


CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anesthetic The MAC 
(minimum alveolar concentration) in man is as follows: 





Age 100% Oxygen 70% N3O 
26 +4 1.28 0.56 
44 +7 1,15 0.50 
644+ 5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation or tracheobronchial secretions 
do not appear to be stimulated Pharyngeal and laryngeal reflexes are readily obtunded. The level 
of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound respiratory depres- 
sant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED WHEN NECESSARY 
As anesthetic dose is increased, tidal volume decreases and respiratory rate is unchanged. This 
depression is partially reversed by surgical stimulation, even at deeper levels of anesthesia 
Isoflurane evokes a sigh response reminiscent of that seen with diethy! ether and enflurane, 
although the frequency is less than with enflurane. 

Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with isoflurane 
alone. Heart rhythm is remarkably stable. With controlled ventilation and normal PaCO;, cardiac 
output is maintained despite increasing depth of anesthesia primarily through an increase in 
heart rate which compensates for a reduction in stroke volume. The hypercapnia which attends 
spontaneous ventilation during isoflurane anesthesia further increases heart rate and raises 
cardiac output above awake levels. Isoflurane does not sensitize the myocardium to exogenously 
administered epinephrine in the dog. Limited data indicate that subcutaneous injection of 0.25 
mg of epinephrine (50 mL of 1:200,000 solution) does not produce an increase In ventricular 
arrhythmias in patients anesthetized with isoflurane. 

Muscle relaxation is often adequate for intra-abdominal operations at normal levels of anesthesia. 
Complete muscle paralysis can be attained with small doses of muscle relaxants. ALL COMMONLY 
USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH ISOFLURANE, THE EFFECT 
BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE. Neostigmine reverses the 
effect of nondepolarizing muscle relaxants in the presence of isoflurane. All commonly used muscle 
relaxants are compatible with isoflurane. 

Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered as urinary metabolites. 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia. 

CONTRAINDICATIONS: Known sensitivity to FORANE (isoflurane) or to other halogenated agents. 
Known or suspected genetic susceptibility to malignant hyperthermia. 

WARNINGS: Since levels of anesthesia may be altered easily and rapidly, only vaporizers 


producing predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened. 


Anaquest Forane isoturane) 


Anaquese orane üemrene) mm 


Anaquest 

2005 West Beltline Highway 
Madison WI 53713 2318 
608 273 0019 

Telex 910 286 2792 

A Division of BOC Inc 


ROC Uealth Care 


Increased blood loss comparable to that seen with halothane has been observed in patients 
undergoing abortions 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels of anesthesia. There 
may be a transient rise in cerebral spinal fluid pressure which 1s fully reversible with 
hyperventilation. 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing environment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient 

Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intellectual function for 2 or 3 days following anesthesia. As with other anesthetics, 
small changes in moods and symptoms may persist for up to 6 days after administration. 
Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine with 
decrease in BUN, serum cholesterol and alkaline phosphatase have been observed 

Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, most 
notably nondepolarizing muscle relaxants, and MAC (minimum alveolar concentration) 1s reduc- 
ed by concomitant administration of N20. See CLINICAL PHARMACOLOGY 

Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure might 
induce neoplasia. Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four in-utero exposures and 
for 24 exposures to the pups during the first nine weeks of life. The mice were killed at 15 months 
of age. The incidence of tumors in these mice was the same as in untreated control mice which 
were given the same background gases, but not the anesthetic. 

Pregnancy Category C: Isoflurane has been shown to have a possible anesthetic-related fetotox- 
ic effect in mice when given in doses 6 times the human dose. There are no adequate and well- 
controlled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when isoflurane is administered 
to a nursing woman. 

Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may trigger a skeletal 
muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome known 
as malignant hyperthermia. The syndrome includes nonspecific features such as muscle rigidi- 
ty, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should also 
be noted that many of these nonspecific signs may appear with light anesthesia, acute hypoxia, 
etc.) An increase in overall metabolism may be reflected in an elevated temperature (which may 
rise rapidly early or late in the case, but usually is not the first sign of augmented metabolism) 
and an increased usage of the CO; absorption system (hot canister). PaO, and pH may decrease, 
and hyperkalemia and a base deficit may appear. Treatment includes discontinuance of trigger- 
ing agents (eg., isoflurane), administration of intravenous dantrolene sodium, and application 
of supportive therapy. Such therapy includes vigorous efforts to restore body temperature to 
normal, respiratory and circulatory support às indicated, and management of electrolyte-fluid- 
acid-base derangements. (Consult prescribing information for dantrolene sodium intravenous for 
additional information on patient management.) Renal failure may appear later, and urine flow 
should be sustained if possible. 


ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
(isoflurane) are in general dose dependent extensions of pharmacophysiologic effects and include 
respiratory depression, hypotension and arrhythmias 

Shivering, nausea, vomiting and ileus have been observed in the postoperative period. 

As with all other general anesthetics, transient elevations in white blood count have been observed 
even in the absence of surgical stress. 

See PRECAUTIONS for information regarding malignant hyperthermia 


OVERDOSAGE: In the event of overdosage, or what may appear to be overdosage, the following 
action should be taken 

Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
with pure oxygen, 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient, taking into account that secretions are weakly stimulated 
by FORANE (isoflurane) and the heart rate tends to be increased. The use of anticholinergic drugs 
is a matter of choice. 
Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplished by using 
a) vaporizers calibrated specifically for isoflurane; 
b) vaporizers from which delivered flows can be calculated, such as vaporizers delivering 
a saturated vapor which is then diluted. The delivered concentration from such a 
vaporizer may be calculated using the formula: 


100 Py Fy 
Fr (PA - Py) 
where: P4 = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 


Fy = Flow of gas through vaporizer (mL/min) 
Fr = Total gas flow (mL/min) 


% isoflurane = 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of these 
vaporizers 

Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing, breath holding, or laryngospasm. These difficulties may 
be avoided by the use of a hypnotic dose of an ultra-short-acting barbiturate. Inspired 
concentrations of 1.5 to 30% isoflurane usually produce surgical anesthesia in 7 to 10 minutes 
Maintenance: Surgica! levels of anesthesia may be sustained with a 10 to 25% concentration 
when nitrous oxide is used concomitantly. An additional 0.5 to 1.0% may be required when 
isoflurane is given using oxygen alone. If added relaxation is required, supplemental doses of 
muscle relaxants may be used. 

The level of blood pressure during maintenance is an inverse function of isoflurane concentra- 
tion in the absence of other complicating problems. Excessive decreases may be due to depth 
of anesthesia and in such instances may be corrected by lightening anesthesia 


HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40, is packaged in 100 mL amber-colored 
bottles. 

Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years. 
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PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, R.R. 
#9 Box 96 MM, Santa Fe, NM 87501. (505) 
983-7371. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 


“ANESTHESIA, YOUR BABY, AND YOU” 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact: APPCOR PRO- 
DUCTIONS, 3652 Carleton St, San Diego, 
CA 92106. 


OHIO 

University of Cincinnati Department of 
Anesthesia has faculty positions at assistant 
professor levels. Candidates should be board 
eligible/certified and eligible for licensure in 
the state of Ohio. Applicants with interest 
in obstetrical anesthesia, neuroanesthesia, 
cardiac anesthesia, and critical care are es- 
pecially encouraged to apply. We are an 
equal opportunity/affirmative action em- 
ployer. Send curriculum vitae and refer- 
ences to Chairman, Department of Anes- 
thesia, University of Cincinnati College of 
Medicine, 231 Bethesda Avenue, Cincin- 
nati, OH 45267. 








FELLOWSHIP IN CRITICAL CARE AND HIGH 
RISK ANESTHESIA 

Academic ICU Program associated with su- 
perb laboratory facility is offering 1—2-year 
fellowship for anesthesiologists (B or BE). 
Preop consultation, intraoperative manage- 
ment, and postop ICU management of high- 
risk patients are stressed. Excellent oppor- 
tunity for research in postoperative pain 
control (continuous techniques), metabolic 
consequences of prolonged anesthesia, and 
neurohumoral control of the circulation. 
Boards in internal medicine or strong re- 
search background preferred. Address in- 
quiries to Jonathan Kay, MD, Department of 
Anesthesia, Medical College of Wisconsin, 
9200 West Wisconsin Avenue, Milwaukee, 
WI 53226. 


800-FAST GAS: WORLDWIDE ANESTHESIA 
Have you got knocks and pings in your 
Anesthesia Department? Whether it's a short 
or long term staff problem . . . we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 


WASHINGTON, DC: GEORGE WASHING- 
TON UNIVERSITY MEDICAL CENTER 
Anesthesiologist at Assistant Professor level. 
Eligible for examinations of American Board 
of Anesthesiology (four postdoctoral years 
of training, including clinical base, clinical 
anesthesia, and a specialized year) or ABA 
certified. Applicants must have demon- 
strated an interest in clinical teaching. 
Teaching of medical students and residents, 
supervision of CRNAs; clinical and/or sup- 
port are available for research. George 
Washington is an affirmative action/equal 
employment opportunity employer. Send 
CV to Burton S. Epstein, MD, Chairman, 
Department of Anesthesiology, The George 
Washington University Medical Center, 901 
23rd Street, NW, Washington, DC 20037. 





PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Hawaii. 
Unique approach to development of test- 
taking skills, including mock orals. Basic 
science emphasis. Call 415-321-1117 or reply 
to Box K23, % Anesthesia and Analgesia, Desk 
Editorial, 52 Vanderbilt Avenue, New York, 
NY 10017. Include phone number in 
response. 








ACADEMIC ANESTHESIOLOGIST r 
University Department of Anesthesiology 
seeking additional faculty with outstanding 
qualifications in clinical care, teaching, and 
research. All major clinical disciplines rep- 
resented. Required is a 4-yr educational 
continuum or its equivalent, including 
training in a clinical specialty or in research. 
Faculty rank and salary commensurate with 
training and experience. Excellent oppor- 
tunity for professional development, with 
facilities for independent or collaborative 
research. Send curriculum vitae to Ronald 
A. Gabel, MD, Professor and Chairman, De- 
partment of Anesthesiology, University of 
Rochester Medical Center, Rochester, NY 
14642. The University of Rochester is an equal 
opportunity employer. 


ANESTHESIOLOGIST —PHOENIX, ARIZONA 
AREA 

JCAH Hospital Accreditation—no obstet- 
rics. Board certification highly desirable. 
Unique group practice offers very early 
partnership. Available now! Send CV to Box 
K24, % Anesthesia and Analgesia, Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 


SOUTHWEST 

Anesthesiologist (BC/BE) needed to join one 
other in a major referral medical center. Wide 
variety, minimal O.B. A financially reward- 
ing opportunity to enjoy state of the art 
anesthesia in a private practice. Send cover 
letter and CN to Box Q35, % Anesthesia and 
Analgesia, Desk Editorial, Elsevier Science 
Publishing Company, 52 Vanderbilt Ave- 
nue, New York, NY 10017. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum 4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $.90 per word, min- 
imum twenty words; or $1.00 per word for box 
number ads. Copy deadline 7 weeks prior to 
publication, e.g., for the March issue, copy 
should be received by the 1st of January. Full 
payment or institutional purchase order must 
accompany the copy for each ad. Ads received 
without a check or purchase order will be re- 
turned. Ad copy, subject to acceptance by pub- 
lisher, should be mailed to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 





UNIVERSITY OF MIAMI COMPREHENSIVE 
REVIEW COURSE IN ANESTHESIOLOGY MAY 
6-11, 1986 : 

Will be held at the James L. Knight Con- 
vention Center/Hyatt Regency, Miami, 
Florida. For more information contact 
Professional Seminars, PO Box 021318, 
Miargi, FL 33101. Telephone 305-547-6411. 








IV INFUSION DOSES WHEN YOU NEED THEM! 
Handy pocket chart provides preparation 
and drip rates for 15 vasoactive and anes- 
thetic drugs in a trim, durable format. Send 
$3.50 and self-addressed envelope to Heart- 
card Productions, 10849 Deborah Drive, Po- 
tomac, MD 20854. 








ORAL EXAM TUTORING 

March 14, 15, 16, 1986, Weekend session in 
Florida. Limited class size. Call for infor- 
mation: 419-475-9641 or 813-963-2272. 








PAIN MANAGEMENT ANESTHESIOLOGIST: 
Unique Opportunity for BC/BE anesthe- 
siologist with above average clinical ability 
to join progressive group of young anes- 
thesiologists. Practice limited to Pain Man- 
agement. No OR or OB anesthesia. All pro- 
cedures for treatment of pain including 
transphenoidal pituitary adenolysis and im- 
plantable reserviors. Strong ancillary sup- 
port services including full time psycholo- 
gist. Applicant should possess a strong 
interest in regional anesthesia and desire 
one-on-one patient contact. Willing to train 
right individual. Excellent salary and ben- 
efits. Send CV and photo to Pain Consor- 
tium, PO Box 33103, Kansas City, MO 64114. 


RHODE ISLAND 

Anesthesiologist needed to join two MDs. 
Immediate opening. Send CV to Box Q34, 
7o Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








BC/BE ANESTHESIOLOGIST WITH OB ANES- 
THESIA FELLOWSHIP TRAINING 

For director of OB anesthesia service for 
large, active Midwestern teaching hospital. 
Send CV and three references to Box P32, 
% Anesthesia and Analgesia, Desk Editorial, 
532 Vanderbilt Avenue, New York, NY 10017. 


FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—CRNAs. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750, ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 








PERMANENT POSITION WANTED 

BC, AMG, anesthesiologist, completed fel- 
lowship in CV anesthesia and regional 
anesthesia. Seeking relocation with pro- 
gressive group in private practice. Aca- 
demic affiliation preferred. Eight vears ex- 
perience private practice. Any area. Reply 
to Box LRM, c/o Anesthesia and Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, NY 10017. 








HANOVER, NH 

The Section of Anesthesiology at the Dart- 
mouth-Hitchcock Medical Center in Han- 
over, New Hampshire, is seeking a Board 


Certified/Board Qualified anesthesiologist 
to join the faculty. 

The successful applicant should have 
formal training beyond the 3-y continuum 
in a subspecialty of anesthesiology practice 
or have recognized skills in a subspeciality 
area of anesthesiology in lieu of formal fel- 
lowship training. Neuroanesthesiology, pain 
therapy, or cardiovascular anesthesia would 
be particularly desirable. The successful 
candidate must have a commitment to 
teaching medical students and residents in 
addition to his or her own clinical expertise. 
The ability and desire to do clinical and/or 
basic research is essential. Academic title 
and compensation will be consistent with 
experience. The Hitchcock Clinic and Dart- 
mouth Medical School are EE/AAE. Send 
CV to David Glass, MD, Hitchcock Medical 
Center, 2 Maynard Street, Hanover, NH 
03756. 








ANESTHESIOLOGIST 

We specialize in the recruitment and place- 
ment of anesthesia personnel for perma- 
nent and temporary positions throughout 
the US. American Anesthesia Recruiters, 211 
E. Camelback, Suite 1, Phoenix, AZ 85012. 
Phone # (602) 978-4306. 








OHIO: ANESTHESIOLOGIST 

BC/BE for 93-bed, modern, and well- 
equipped (has own CT Scan) hospital in ru- 
ral Western Ohio. Income guaranteed at a 
moderate level with excellent potential if 
applicant is hard-working. Reply to Box Q36, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








PHARMACOLOGY FOR 
THE ANESTHESIOLOGIST 


Life Support Drugs 
For Anesthesia and The ICU 


- MAY 1-2, 1986 - 


Colony Square Hotel 
Atlanta, Georgia 


The 17-member faculty will review and up- 
date information about the clinical pharma- 
cology and applications in life support drugs 
for anesthesia and the ICU. Acourse syllabus 
will be provided tor each registrant. 


FOR INFORMATION CONTACT: 
~ Pharmacology Course - 
Department of Anesthesiology : Emory Clinic 
1365 Clifton Road, N.E. - Atlanta, GA 30322 
(404) 329-0959 or (404) 321-0111, Ext. 3912 


A Postgraduate Course Sponsored By 
EMORY UNIVERSITY SCHOOL OF MEDICINE 
DEPARTMENT OF ANESTHESIOLOGY 


MN THE CARDIAC PATIENT 
BN 


Perioperative 
Management 


- MAY 3-4, 1986 - 


Colony Square Hotel 
Atlanta, Georgia 


A 16-member faculty will focus on the perioperative 
management of the patient undergoing cardiac 
surgery. Monitoring techniques and therapy will 
be considered in the light of the underlying patho- 
physiology. Panel discussions will emphasize prac- 
tical applications from the perspective of the cardio- 
logist, surgeon, anesthesiologist and their assistants 
including perfusionists, physicians' assistants, and 
anesthesia and intensive care nurses. 


FOR INFORMATION CONTACT: 


Cardiothoracic PG Course 
Department of Anesthesiology 
Emory Clinic 
1365 Clifton Road, N.E. 
Atlanta, Georgia 30322 
(404) 329-0959 or (404) 321-0111, Ext. 3917 


A Postgraduate Course Sponsored By: 
THE CARDIOTHORACIC ANESTHESIA DIVISION 
EMORY UNIVERSITY SCHOOL OF MEDICINE 





UCS DO 


ANESTHESIOLOGY 
REVIEW COURSE 


MAY 16-21, 1986 
SAN DIEGO 


“IN-DEPTH” REVIEW 
COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited 
for 38 hours. 


This symposium is designed 
to give the practitioner a 
complete review of the 
applications of basic 
science to the clinical 
practice of anesthesiology. 
Five one-day sessions will 
feature the following 
specialists: 


Jonathan L. Benumof, M.D. 
Mark R. Fahey, M.D. 

Carl C. Hug, Jr, M.D., Ph.D. 
John D. Michentelder, M.D. 
Ronald D. Miller, M.D. 
Mark M. Mitchell, M.D. 
Joseph G. Reves, M.D. 
Mark C. Rogers, M.D. 
Barry A, Shapiro, M.D. 
Harvey M. Shapiro, M.D. 
Sol M. Shnider, M.D. 

N. Ty Smith, M.D. 


Theodore H. Stanley, M.D. 
David J. Steward, M.B. 
Gale E. Thompson, M.D. 
John H. Tinker, M.D. 
Clarence F. Ward, M.D. 
Peter R. Wilson, M.B.B.S., 
Ph.D., F.F. A.R.A.C.S. 


Course Directors: 
jordan Katz, M.D. 
Lawrence J. Saidman, M.D. 


For further details write to: 

Dr. lordan Katz 

Department of Anesthesia, 
M-029 

University of California, 

San Diego 

La Jolla, CA 92093 

(619) 452-6969 





HARVARD CONTINUING EDUCATION 
Massachusetts General Hospital 
PRACTICAL PEDIATRIC ANESTHESIA—1986 
May 16-18, 1986 


This course will focus on the practical management of pediatric anesthesia patients. It is designed for the physician who 
anesthetizes children either daily or occasionally. Emphasis will be placed on the differences between infants, children, 
and adults. The format of the course will include lectures and panel discussions, with ample time for audience questions. 
The Saturday luncheon panel will feature problem cases; audience participation is encouraged. 





Our Visiting Professor is Dr. Gordon H. Bush, Consultant Paediatric Anaesthetist, Director of 
Anaesthesia, Alder Hey Children's Hospital, Liverpool, U.K. 


The meeting comprises three half-day teaching sessions, allowing participants and their guests to take advantage of a 
variety of social, cultural, athletic, and shopping activities. The program is approved for 15 credit hours in category 1 of the 
Physicians Recognition Award of the AMA. Application has been submitted to the American Association of Nurse 
Anesthetists for continuing education credits to be awarded to nurse anesthetists completing this course. 


For further details please contact Harvard Medical School, Department of Continuing Education, 
Boston MA 02115 (617-732-1525, M-F, 10 am-4 pm Eastern Time). 


Course Directors: Drs. Charles J. Coté, Letty M. P. Liu, Nishan G. Goudsouzian, and John F. Ryan, Department of 
Anesthesia, Massachusetts General Hospital, Boston, Massachusetts. 








— NITROUS OXIDE/N,O 


Editor: Edmond I. Eger Il, M.D., Professor and Vice Chairman for Research, Department of 
Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known tobe — Contents. Preface. Contributors. A History of Nitrous 


more than an inert vehicle for other, more potent anes- Oxide. Physics. Chemistry, and Manufacture of Nitrous 
thetics. Nitrous oxide affects the function of every body Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
tissue significantly. Optimum application requires a full Delivery Systems. Pharmacokinetics. Respiratory Effects 
appreciation of both the benefits and potential hazards of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
of this anesthetic substance. Central Nervous System Effects of Nitrous Oxide. Neu- 


Nitrous Oxide/N,O is a complete resource on the subject,  'Onuscular Effects of Nitrous Oxide. Nitrous Oxide in 
It describes what is known about nitrous oxide — applica- Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 


tions and contraindications — and debates its continued  In'activates Methionine Synthetase. Mutagenicity, Car- 
clinical use. The current clinical applications of N.O are —- Cin'ogenicity. and Teratogenicity of Nitrous Oxide. Nitrous 
reviewed by means of: Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
m thorough discussion of N.O pharmacology and Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
distribution and Animal Research. Controlling Occupational Exposure 
a detailed summary of known side effects and toxicity tO Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
a practical guidelines for avoiding and managing Should Continue to Use Nitrous Oxide Epilogue index. 


these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N.O is a controversial work that 


everyone using the drug will want to read. ELS FVI ER 


Order from your usual supplier or | , 
Elsevier Science Publishing Co.. Inc. Note: Price subject to change without notice. * 


PO. Box 1663. Grand Central Station. New York, NY 10163 In NY State please add applicable sales tax. FB 248 


1984  416pages 0-444-00860-8 cloth $37.50 


‘Distributed outside the U S A and Canada by Edward Arnatd Ltd. | London i 
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Available in 1 ml, 2 ml, 5 ml ampoules; boxes of ten. 


LS Sa ENN 


world leader in anesthesia research 


mal JANSSEN 
c5) 


PHARMACEUTICA 


© Janssen Pharmaceutica Inc. 1986 JPI-651 





TN Lj 


OK PUE ^ SATURATION 
aes mc 





Setting the standard | 
in hypoxemia monitoring. 


The Nellcor: 
N-100 pulse oximeter. 


Now, for A complete 
patient safety family of 
in all cases... (B NELLCOR | PULSE OXIMETER sensors for 
all the time. r pti dedit 
TENE g of non-invasive 
sapi eade ceno, ME z oxygen mon- 
in major medical soa enem IE = itoring needs. 
centers use the um E Low 
Nellcor N-100 pA pus PULSE RATS Se soe You can choose 
pulse oximeter. ; mins | zs sensors in differ- 
Over thirty-five ent sizes and 
published papers* configurations to 
document the monitor all 


need for this monitor. 

By continuously monitoring 
arterial oxygen levels, the Nellcor 
N-100 can detect patient hypox- 
emia before it results in adverse 
outcome. 

With each heartbeat, there is 
real-time, non-invasive measure- 
ment of arterial oxygen saturation, 
pulse rate, and pulse amplitude... 

Information that is critical to 
your patient's well-being. 
Variable beep plus 
an alarm system for early 
warning andinstant detection. 


The unique variable beep warns 
instantly if the patient's oxygen level 
changes. So corrective action can 
be taken immediately. .. before 
complications develop. 

Plus, audible and visual alarms 
alert if saturation or pulse rate fall 
outside preset limits. 

An unprecedented safety net. 


See Us at Booth #70 








patients — from 
neonates to adults. 

Even in difficult cases such as 
low peripheral perfusion, active 
patients, and long-term care. 


Easy to use. 


Apply the sensor, switch on the 
monitor, and read the results. 

There's no site preparation, 
no heater, and no need to move 
the sensor frequently. 


For more information, write or call 
Nellcor toll-free at 800 433-1244. 
(In California, 800 351-9754) 

The Nellcor N-100 pulse 
oximeter. Setting the standard in 
hypoxemia monitoring. 


NELLCOR” 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415 887-5858 

Telex 172 428 


"Bibliography on file at Nellcor Incorporated. 


Nellcor is a registered trademark of Nellcor 
Incorporated. 


This Publication 
is available in 


Microform. 
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300 North Zeeb Road 


Dept. P.R. 
Ann Arbor. Mi. 48106 


PAVULON” 
(pancuronium bromide, injection ) 


BRIEF SUMMARY 
(Please consult package insert for full prescribing information. | 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS. AND HAZARDS 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent possessing all of the 
characteristic pharmacological actions of this class of drugs (curariform) on the myoneural 
junction 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anticholinesterases. and 
potassium ion. Its action is increased by inhalational anesthetics such as halothane. diethyl ether. 
enflurane and methoxyflurane, as well as quinine. magnesium salts, hypokalemia. some carcin- 
omas. and certain antibiotics such as neomycin. streptomycin, clindamycin, kanamycin, gentami- 
cin and bacitracin. The action of Pavulon may be altered by dehydration electrolyte imbalance. 
acid-base imbalance. renal disease. and concomitant administration of other neuromuscular 
agents 


CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide 10n 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION, 
OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects. A peripheral nerve stimulator is especially valuable in assessing the effects of 
Pavulon in such patients 


USAGE IN PREGNANCY: The safe use of pancuronium bromide has not been established with respect 
to the possible adverse effects upon fetal development. Therefore. it should not be used in women 
of childbearing potential and particularly during early pregnancy unless in the judgment of the 
physician the potential benetits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section), but reversal of pancuronium 
may be unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced. as 
indicated, in such cases 


PRECAUTIONS: Although Pavulon has been used successfully in many patients with pre-existing 
pulmonary, hepatic, or renal disease, caution should be exercised in these situations This iS 
particularly true of renal disease since a major portion of administered Pavulon iS excreted 
unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular the most frequently noted adverse reactions consist pri- 
marily of an extension of the drugs pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency or apnea. Inadequate reversal ot 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuronium bromide) as with all curariform drugs These adverse reactions are managed by 
manual or mechanical ventilation until recovery IS judged adequate 

Cardiovascular. A slight increase in pulse rate IS frequently noted 

Gastrointestinal: Salivation is sometimes noted during very light anesthesia. especially if no 
anticholinergic premedication is used 

Skin An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory One case of wheezing, responding to deepening of the inhalational anesthetic, has 
been reported 


DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients receiving potent volatile inhalational anesthetics such as halothane, diethyl ether. 
enflurane and methoxyflurane 

Prior administration of succinylcholine, such as that used for endotracheal intubation, 
enhances the relaxant effect of Pavulon and the duration of action If succinylcholine is used 
before Pavulon, the administration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians. DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE See package insert for 
suggested dosages 
CAUTION: Federal law prohibits dispensing without prescription 
HOW SUPPLIED: 

2 ml ampuls—2 mg /ml —boxes of 25, NDC 0052-0444-26 

5 mi. ampuls—2 mg./ml —boxes of 25. NOC +0052-0444-25 

10 ml. vials—1 mg/ml —boxes of 25. NDC 2 0052-0443-25 


Organon Pharmaceuticals 
Organon) A Division of Organon Inc. 
West Orange, N.J. 07052 


Because the | 
longer procedure raises 


the MINOS risk... 
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PAVU LON - 


(pancuronium bromide injection) 


Your best choice for 60-plus minutes of dependable relaxation 
in every type of patient 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Please see preceding page for brief summary of prescribing information. 


Joining the line... 
where; quality is 
tradition. 


Nesacaine 


(chloroprocaine hydrochloride) 
with methylparaben, 

196 and 296 solution 

30 ml multiple-dose vial 


Nesacaine-CE . 


(chloroprocaine hydrochloride) 
without methylparaben, 
2% and 396 solution 

~ 30 ml single-dose vial 


Now part of the Astra worldwide 
pharmaceutical experience that 
spans over five decades—your 
assurance of product 
dependability. 


The House of Regional Anesthesia 


; NS M le CN Astra Pharmaceutical Products, Inc. ERE LIE 
PN D M N à \ N Worcester, Massachusetts 01606 — . | PE | AST-4218 





